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No orchard power is so completely “clicking” with 
grove owners and caretakers as the Case Model 
“CO” tractor. From what they tell us, it has ALL 
the requirements that make for all-around operating 
economy. 

This California owner keeps his Case going pretty 
steady. It earns its keep and makes money for him 
by helping him care for 170 acres, mostly English 


J. I. CASE CO., 


walnut and citrus groves. He especially is proud of 
two things (1) his ability to do a big day’s work 
with this tractor and (2) the small amount of low- 
cost fuel it burns. ‘“There’s none better,” he says, 
“and I mean it, too.” 


This tractor is fully described in a free, illustrated 
book which will be gladly sent to anyone interested. 
Just ask for a copy. 
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Two-FoLD PROTECTION 


When you think of better design and better performance, it is 
not difficult to associate these better bearings. For, after all, that's 


what the application of Hyatt Roller Bearings accomplishes. 


In the design of equipment Hyatt Roller Bearings exactingly 
and progressively meet all requirements. In operation, no matter 
how severe or how continuous the service, they protect the 


vital working parts from wear and care. 


The correct design, quality manufacture and sound application 
engineering of Hyatt Roller Bearings is two-fold protection, bene- 
fiting both equipment builder and user alike. Hyatt Roller Bearing 
Company, Newark, Detroit, Chicago, Pittsburgh, Oakland. 
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Requirements of a Terracing Machine’ 
By Ralph W. Baird’ 


ITH THE PROGRESS of the program for les- 

sening erosion from cultivated fields by terracing, 

interest is naturally first drawn to the machinery 
used in building terraces. 

In the construction of a terrace by any method, it is nec- 
essary to move earth from a channel or other borrow pit 
into a terrace ridge. With terrace sizes as usually recom- 
mended (about 18in high and 25 ft wide) this means 
that, when terraces are built from both sides, some of the 
earth will be moved horizontally about 13 ft and lifted 
about 18in from the upper side, and considerably more 
from the lower side. ‘Lhe amount of earth in a terrace 
section is about 10 sq ft of fill. This figure is taken from 
terrace cross sections at the Tyler (Texas) soil erosion 
control experiment station where the terraces were built 
largely from both sides, but with a few extra rounds made 
on the upper side of the terrace. From this it will be seen 
that the construction of the terrace ridge calls for a fill of 
about one cubic yard for each yard of terrace length. There- 
fore, the first requirement of a terracing machine is that it 
must move earth a comparatively short distance and lift 
it from one to two feet. Whether or not a blade grader is 
the best machine for this purpose is open to question, but it 
is the one most commonly used. 

In addition to moving earth, there are a number of 
other requirements that must be met, if the machine is to 
be satisfactory from the operator's viewpoint. It should be 
coupled so that it can be turned sharply at the ends of ter- 
races, should follow well on sharp curves, should be coup- 
led so that the depth control is independent of the varia- 
tion in height of the tractor drawbar, should be easily re- 
versible, have a rapid adjustment and should have ample 
provision to care for the sidethrust when on the side of 
the terrace ridge. Then if it has sufficient strength and 
weight to cut well under unfavorable soil conditions, it 
may be satisfactory. Most any operator who has built many 
terraces will have other suggestions, but I consider these 
the most important. 

The machines that are being used for terrace construc- 
tion include ordinary moldboard and disk plows, wooden 
V-drags, light terracing graders, one-way disk plows, road 
graders of different sizes, elevating graders, and a few 
other special terracing tools. 

Effective terraces can be built by plowing up a terrace 
tidge with ordinary moldboard or disk plows, or with these 
os fitted with an extension moldboard or short blade, 

ut the time and labor required are excessive. 

The wooden V-drag or a similar machine of steel re- 
quires the use of a plow in addition when soil conditions 
are unfavorable. The quality and quantity of work done is 
dependent on the operator and under most conditions the 
work is quite slow. 

Under many conditions terraces can be quite economi- 
cally constructed with the small terracing graders using 
power that is available on the farm. Most of these ma- 
chines are too light to work well when the soil is hard and 
dry, and unless carefully operated may be badly sprung 


‘First part of a paper presented at a meeting of the Power and 
Machinery Division of the American Society of Agricultural Engi- 
neers at Chicago, December 3 and 4, 1934. 


*Associate agricultural engineer, Bureau of Agricultural Engi- 
neering, U. S. Department of Agriculture. Mem. ASAE 


when used in rocky or stumpy land and when pulled by a 
tractor. These machines do not have sufficient provision to 
care for the sidethrust of a heavy roll of earth, especially 
on the side of the terrace. A pivoted hitch on the grader 
that can be adjusted to partially offset the sidedraft is of 
considerable benefit; but unless this adjustment can be 
easily made, considerable time will be lost when it is de- 
sirable to move all the dirt one way. With these smaller 
machines it is necessary that the machine work on the loose 
soil of the terrace ridge and taking care of the sidethrust 
with wheels is very difficult. In very loose soils it is diff- 
cult to keep from overloading the blade, because the small 
diameter of the depth-adjusting disk wheels usually used 
allows the wheels to sink into the loose soil. Wheel bands 
help overcome this difficulty but permit more side move- 
ment. The control of the depth of cut on some of these 
machines is quite unsatisfactory, the lifting of the po'nt 
lowering the heel, and vice versa. Also, the lever reduc- 
tions are not sufficient, and it is often necessary to stop 
the machine to lift the blade when loaded. 

Most of the road graders require more power than is 
available on the ordinary farm, but where sufficient power 
is available, the larger graders are quite effective, but re- 
quire excessive space to turn at the end of the terrace and 
are so far behind the tractor that they are difficult to control 
on the sharper curves. The road grader with leaning wheels 
and a long rear axle can be adjusted to hold its place well 
on the terrace ridge, but the adjustments are usually slow 
and rather hard to make. If the long side of the axle is 
permitted to extend over the terrace ridge, it will often 
drag down part of the soil that has been moved to the top 
of the ridge. Probably the most serious objection to the 
road grader as a terracing machine is its large power re- 
quirement and cost, often making it impossible for the ordi- 
nary farmer to obtain the use of this kind of equipment. 

Elevating graders have not been used very extensively 
for terracing work but have the decided advantage that 
the earth can be deposited on the terrace ridge and the re- 
quired height easily obtained. It is also possible by making 
a deep cut to put more subsoil in the terrace ridge, but the 
deep cut is usually filled with top soil so that the net gain 
from this source is not very great. Additional work is re- 
quired to a the terrace ridge after the elevating grader 
has completed its part of the work. The statements regard- 
ing the cost and power requirements of large equipment 
apply to a greater degree to elevating graders. 

The one-way disk plow has been used to build terraces, 
and the use of this machine has many advantages. At the 
Guthrie (Oklahoma) station, with a one-way plow with 
nine 26-in disks, terraces have been built in about the 
same number of rounds and to the same size as with an 
8-ft blade terracing machine, when the soil was not too 
moist. This machine has the advantage of requiring only 
one operator and is a machine that is commonly used for 
other farm operations. It has the decided disadvantages 
that it is not reversible and will not work well in slightly 
wet soil that would work well with a blade grader. 

The cost of terracing will vary greatly with different 
soil conditions and slopes and with different operators, as 
well as with different equipment, and this should always 
be considered when comparing the cost records of terrace 
construction. Because of different wage scales and different 
allowances for equipment cost, the figures I am giving are 
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Bs 
all reduced to hours time per mile of terrace. This is not wooden V-drag and 15-27-hp tractor on a sandy soil with & 
entirely satisfactory but will eliminate some of the unjust a slope of 4.25 percent, terraces 25 ft wide and igft J (Co 
comparisons that might otherwise be made. high were built at the rate of one mile in 63.89 hr with a : ala 
At the Guthrie (Oklahoma) station on land with a crew of two men and 22.65 hr additional with a plow and §J It 
3 per cent slope and soil in good condition, terraces 25 ft one man. On sandy soil on a 4 per cent slope and in JB cost ¢ 
wide and 1.3 ft high were built at the rate of one mile in good working condition, using a 15-hp tracklaying tractor [J have 
20.79 hr with a crew of two men using a rage Caterpillar and grader with an 8-ft blade, terraces 25 ft wide and [J reduc 
tractor and Caterpillar terracer with an 8-ft blade. In an- 1.5 ft high were built at the rate of one mile in 25.45hr JJ help 
other field of about 6 per cent slope, terraces 30 ft wide and with a crew of two men. In the same field and with the equip 
about 1.5 ft high were built at the rate of one mile in same equipment terraces 35 ft wide and 1.5 ft high were B to th 
13.93 hr with a crew of two men using the same equip- built at the rate of one mile in 34.48 hr. The slower work ‘ have 
ment just mentioned, and in 13.72 hr with one man using at the Tyler station is probably due to a more difficult JJ athe 
a 15-hp tracklaying tractor and a one-way disk with nine soil to work, steeper slopes, about 12 per cent more earth powe 
26-in disks. The soil conditions at this time were very in the ridge as shown from cross sections, and less exper. great 
good. When the soil is moist enough to be sticky, the one- ienced operators. = Most 
way disk plow does not operate satisfactorily. It is thought The operating costs and fixed charges on the machines . a bel: 
that the size of the disks also materially affect the effective- used will vary widely with different operators and the [J this | 
ness of the one-way disk plow as a terracing machine, but amount of work done, but the operating cost on the trac- the 
figures to support this are not available. tors will be about 30 cents per hour including repairs, but f§  heigh 
At the Tyler (Texas) station on a badly eroded field not including interest and depreciation. Labor costs will be JB quire 
with about 7 per cent slope, with the soil largely a tough about 30 cents per hour. If a large part of the overhead slide 
clay but in good condition, terraces 25 ft wide and 1.6ft on the machines can be charged to other farming opera- | 7 
high were built at the rate of one mile in 49.86 hr with a__ tions, terracing costs can be kept to a reasonable figure on § 
crew of two men using an 8-ft terracing grader and a __ land that is not too severely eroded. 
15-27-hp wheel-type tractor. Another field with sandy The above figures include only the grading work, and / 
soil in good condition, terraces 20 ft wide and 1.6 ft high any fill work would have to be added. The amount of fill 
were built at the rate of one mile in 27.19 hr, with the same work will vary widely, and in some cases will be as great 
equipment. Using a Martin ditcher and a wheel tractor or greater than the cost of grading, and on smooth, uni- 
on a badly eroded field with a tough clay soil, too wet for formly sloping lands will be —. nothing. 
best working condition, and about 7 per cent slope, terraces Where equipment is used only for terracing work, it 
25 ft wide and 1.8 ft high were built at the rate of one is probably more economical to use the larger tractors and ff 
mile in 79.2 hr with a crew of two men and required graders, and the figures on the terracing costs with these J 
7.55 hr additional with a plow and one man. Using a machines that have been re- (Continued on next page) a 
S = dem 
idaciaat . B  with 
The Development of a Terrace Building Machine’ B oft 
| 
By J. C. Wooley’ ise 
vay 
N AN EFFORT to reduce the time required to construct (miles per hour), it is moving 5 cu yd of dirt per minute | | 
terraces, we have been working at the Missouri agri- and will build a terrace with ample capacity in 12 to 14 og. 
cultural experiment station on a machine of the elevat- rounds. 


ing giader type. This machine substitutes rolling for sliding 
friction in moving the soil. The soil is cut and delivered 
onto a rubber-covered belt by a 26-in disk. While cutting 
9 in wide and 8 in deep and moving at the rate of 3 mph 


1Contributed at a meeting of the Power and Machinery Division 
of the American Society of Agricultural Engineers, at Chicago, 
December 3 and 4, 1934. 

2Professor of agricultural engineering, University of Missouri. 
Mem. ASAE. 


One of the earlier models was used on the USDI Soil 
Erosion Service area at Bethany, Missouri, and a terrace 
625 ft long, having a 101/,-ft water channel and a 19-ft 
width of ridge, was built in one hour and sixteen minutes. 
This would mean 9.8 hr. The capacity of the conveyor is 
the limiting factor on this al 5 and the belt has been 


widened to increase its capacity at least 25 per cent. No 
official tests are available but we have been building ter- 
races of ample size in eight rounds with the new machine. 
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(LEFT) BUILDING A TERRACE WITH THE ELEVATING TYPE OF TERRACING MACHINE DEVELOPED BY J. C. WOOLEY AT THE MISSOURI AGRI- 
CULTURAL EXPERIMENT STATION. (RIGHT) A REAR VIEW OF THE SAME MACHINE 
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(Continued from previous page) ported are usually $30.00 
er mile, or more. 

It might be worth while for someone to investigate the 
cost of moving earth by different methods. In a terrace we 
have from 1500 to 2000 cuyd of fill per mile, and any 
reduction of cost by using more efficient equipment would 
help reduce the cost of terracing. With most terracing 
equipment the difficulty seems to be in lifting the earth 
to the desired height, and a number of special machines 
have been designed in an attempt to lift and carry the soil 
rather than slide it. This change should materially reduce 
power requirements, and if it can be done without too 
great a cost for equipment, it should reduce terracing costs. 
Most of the attempts made so far in this direction have used 
a belt elevator of some kind. The major disadvantages with 
this type are its complicated mechanism and the fact that 
the earth must be lifted considerably above its desired 
height before it is dropped. This extra lift of course re- 
quires power and may be as great as the power required to 
slide the earth along the ground with a blade. 


There is considerable question as to whether or not the 


TERRACER is a machine to move soil, and therefore 
is subject to most of the variable field conditions en- 
countered by such tillage tools as plows. All tillage 

machinery manufacturers deplore the many styles or types 
of plows which they must manufacture and stock to meet 
demands. Here is an opportunity for everyone concerned 
with terracing to consider the many advantages to the user 
of maximum possible standardization in terracer design. 


Complete standardization in size or type of terracers 
is not only impossible but undesirable. Field requirements 
vaty too much to allow such a procedure. 

To most of those who read this, to simply name some 
of the variable conditions is sufficient: Fields differ in 
(1) soil type; (2) size; (3) degree of slope; (4) regular- 
ity of contour; (5) degree of erosion and gullying; (6) 
kind and amount of vegetation, and (7) existence of 
stumps and fast rocks. In addition, there are great differ- 
ences in annual rainfall expected in any territory and in the 
season of rainfall, time of year, and extent to which the 
field is protected (to some degree) by vegetation and avail- 
able outlet locations. The design of terracing equipment 
is further influenced by the size and type of terrace it is 
desired to build, and the amount of terracing to be done 
by the machines in any given time. 

In spite of the foregoing list of variable conditions 
encountered, as yet there seems to be no good reason why 
terracing equipment should not be confined to a relatively 
few models by any one manufacturer. This reduces de- 


velopment and manufacturing expense and insures better 
delivery and parts service to the user. 


Gullies. The proper use of terracing acts as a pre- 
Ventive of gully erosion. Corrective measures for gully 
erosion, however, must be a part of any complete soil 
erosion control program. 


The U. S. Department of Agriculture has covered this 


1A contribution to a symposium on terracing equipment at a 
meeting of the Power and Machinery Division of the American 
rgd of Agricultural Engineers at Chicago, December 3 and 


"Agricultural Engineer, Caterpillar Tractor Co. Mem. ASAE. 
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Variable Field Requirements of Terracing Equipment’ 
By Leonard J. Fletcher’ 


usual method of forming a terrace ridge is the most satis- 
factory one. In an ideal terrace the subsoil would be re- 
shaped, leaving the original layer of topsoil in place over 
the terrace channel and ridge. This would be of particular 
advantage where a shallow, productive surface soil is un- 
derlain with a poor clay soil. As terraces are usually built, 
the terrace ridge is largely composed of topsoil taken from 
an area in the terrace channel and in the cut below the ter- 
race ridge. This is sometimes varied slightly by making 
the cut above and below the terrace as deep as is reasonably 
possible and then partially filling this deep cut with topsoil 
from the area outside the cut. This puts more of the sub- 
soil in the terrace ridge, but still leaves areas above and 
below the terrace where most of the topsoil has been re- 
moved. This unsatisfactory condition of the terrace ridge 
and channel improves with time and cultivation, but any 
economical method of overcoming it when building the 
terraces would be an improvement. 


(ACKNOWLEDGMENTS: The author wishes to acknowledge the 
assistance and data received from R. R. Drake at the Hays (Kan- 
sas) station and H. S. Riesbol at the Guthrie (Oklahoma) station, 
in preparing this paper.) 


subject very well in Farmers’ Bulletin No. 1234, and ap- 
parently small gullies can be controlled by throwing brush 
or straw into them to hold the soil until such time as sod 
or other vegetation can be grown. 

There are many gullies, however, that require man 
power and machinery in resloping the gully, draining the 
water away from it, and planting the banks to stop fur- 
ther washing. Apparently there is a large field for spe- 
cialized machinery use in this part of an erosion control 
program. It is not sufficient to just dam the gullies in 
cultivated fields, as some of these have apparently gone 
so far they will continue eating back into sodded pastures 
or forests, and, for that reason, certain diversion ditches 
can be used at the heads of these drainage areas to take 
part of the water away to points which can handle it with- 
out damage. 

Outlets. The determination of types of outlets to be 
built and the proper locations for outlets are major problems 
in a terracing program. Up to the present time these may 
not have been given sufficient consideration. In the South- 
east, where forests are thickly covered with pine needles, 
or other water-holding materials, such as briars, bushes, 
etc., terraces can be emptied into the woods. In the areas 
of winter freezing, and middlewestern areas, where the 
woods are pastured, terrace outlets cannot safely be turned 
into the woods. Permanent terrace outlets are apparently 
necessary in many locations, and naturally keeping the costs 
down within the reach of farmers must be considered. 

Concrete or masonry weir-type outlets, sod drops in 
road ditches or swales, and the use of broadbase field 
ditches lined with sod and protected with creosote wood 
drop seems to be recommended by engineers. 

The subject of outlets is one which can be very profit- 
ably discussed by the American Society of Agricultural En- 
gineers, because there are many unknowns yet to be an- 
swered. State laws regulating the disposal of water in 
county road ditches, problems of changing natural water- 
sheds, rearranging fields, and the due consideration for the 
size of outlets for the acreage which it serves, are all 
matters which at this time could rightfully deserve further 
discussion. 
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FIG. 1 (LEFT) TERRACING MACHINE DEVELOPED AT THE IOWA AGRICULTURAL EXPERIMENT STATION. FIG. 3 (RIGHT) PANS SET IN FRAMES 
TO DFTERMINE DISTRIBUTION OF EARTH THROWN BY IOWA TERRACING MACHINE 


A New Type of Terracing Machine’ 


By E. V. Collins’, W. C. Ayers’, and L. W. Johnson‘ 


T MAY be of interest to note that the machine here 
described is the by-product of an experiment to kill 
white grubs with a high-speed pulverator. In using 

this experimental machine, the backfurrow made incident 
to its use looked like a small terrace. 

Last fall, two years later, terracing was receiving re- 
newed emphasis in Iowa, and it was decided to give this 
machine a trial at the job of building terraces. The pul- 
verator blades are made to cut through the soi! rather than 
throw it, so these were altered by welding triangular pad- 
dles to them. This trial outfit proved so convenient and 
efficient in building terraces that an experiment station pro- 
ject was approved to further develop the machine. 

The machine shown in Fig. 1 is essentially a single- 
bottom tractor plow with shortened moldboard and a rotor 
driven by the power take-off, through a transmission pro- 
viding either a direct drive or an overdrive of 1.8 to 1. 
The rotor is so mounted that the right-hand side of the 
rotor is in line with the right side of the share edge. With 


this arrangement, the rotor does not have to cut unloosened. 


iPaper presented at a meeting of the Power and Machinery 
Division of the American Society of Agricultural Engineers at Chi- 
cago, December 3 and 4, 1934. Published as Journal Paper No. 
J204 of the Iowa Agricultural Experiment Station (Project No. 
364). 


2Research professor of agricultural engineering, Iowa State 
College. Mem. ASAE. 


%Associate professor of agricultural engineering, Iowa State 
College. Mem. ASAE. 


4Research fellow in agricultural engineering, Iowa State College. 
Member of Iowa Student Branch of ASAE. 


FIG. 5 (LEFT) THE IOWA TERRACING MACHINE OPERATING WITH THE ROTOR IN LOW GEAR. 


soil when opening the first furrow. Pneumatic tires are 
used on both tractor and plow to conserve power, to per- 
mit relatively high speeds, and to simplify travel to and 
from the fields and on the highways. 


Seven types of rotors have been tested on this machine 
as shown in Fig. 2 with curves showing distribution of fur- 
row slice from each when operating at 1060 rpm and a 
forward speed of 5 mph (miles per hour). 


The weight given is for the soil collected in 9-by-12-in 
pans arranged as shown in Fig. 3 to collect the soil as it 
is thrown from the machine. The No. 2 rotor was made 
larger at the bottom in order to increase the velocity of 
the soil thrown from the lower end so it might fall more 
nearly in the same position as that from the upper end. 
The No.5 rotor was used almost exclusively for the field 
trial reported in this paper. 


When the first two types of rotors were used, it was 
necessary to tilt the rotor shaft in order to give sufficient 
elevation to the stream of earth thrown, but the later types 
having a smaller pitch give sufficient elevation without 
tilting the rotor. All tests have been made using an 18-in 
bottom of general purpose shape. It is quite probable that 
the performance can be improved by changes in the shape of 
the plow used, but as yet no variations have been tested. 
A few trials have been made using a disk wheel on a tele- 
scoping axle to stop the stream of earth so that the ridge 
can be built up faster. As made up it required consider- 
able attention from the operator, especially when turning. 
With such an arrangement it should be unnecessary to 
work the soil under the terrace ridge. 


FIG.6 (RIGHT) THE MACHINE OPERATING 


WITH ROTOR IN HIGH GEAR 
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FIG.2 (RIGHT) THIS SHOWS A 

COMPARISON OF SEVEN TYPES OF 

ROTORS USED ON THE IOWA EX- 

PERIMENTAL TERRACING MACHINE. 

THE TESTS WERE MADE WITH A 

FORWARD SPEED OF 5 MPH AND 
A ROTOR SPEED OF 1060 RPM. 
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The important features of this ma- 
chine may be enumerated as follows: 


1 One-man operation 0 
2 Can be used wherever plow 
can operate 

3 No adjustments necessary for curves in the terrac- 

ing line 

4 Soil is pulverized so it settles in a compact ridge with- 

out large air pockets and is left as a good seedbed 

5 The capacity compares favorably with other ma- 

chines used in terrace construction 

6 The small size of the unit and the high speed make 

it especially mobile 

7 In addition to building terraces, the machine is 

well adapted to filling small gullies, and to the 
construction of open ditches and _ terrace-outlet 
channels. 

The method of building terraces with this machine is 
vatied with conditions and operators, but a common method 
is illustrated in Fig. 4. 

For most of this work the tractor is operated at the 
smile speed, but often Trips 18, 29, and 30 are made in 
the 10-mile speed as there is a smooth track for the tractor. 


HG.7 THE COMPLETED TERRACE BUILT BY THE IOWA TERRACING MACHINE. THE CONTOUR OF TERRACE AS COMPARED TQ THE LEVEL 
GROUND IS SHOWN BY THE ROPES 


Fe /0 


DISTANCE IN FEET 


Occasionally it is necessary to use a lower gear when en- 


countering some of the heavy subsoils. 


During the summer Prof. Q. C. Ayers, as director of 
soil erosion control work for the Iowa Emergency Relief 
Administration, had an opportunity to give the machine a 
field test in southern Iowa counties and secure some data 
on performance. The following is a summary of the data 
secured by the operator of this machine on 54 different 
farms in 18 counties under a wide range of moisture con- 


ditions, soil types, and crops: 


Total length of terraces 
Acres terraces. 
Gasoline used........ 

Oil used........ : 
Operating time.......... be tia Ee 
Average teriace per acre 
Average terrace per hour 


Average terrace per gallon of gasoline. 


Average terrace per gallon of oil 
Average gasoline used per hour 


337,791 ft (64 m) 


1,216 acres 
1,451 gal 
Weenie: P| 
482 1/6h 


snes 916 ft 
10,560 ft 
sacasdanes GON 


Tr 


ay 


et ae esi ees Tyo lt ee ere a a one ee : 
(te meme sane airie 5 2 P Ride > Sark OSS alge: Sie aaa Rls oe Scar ws Pee oye ee = 6 oa 
ta Bn oe ee e See eer pe eee a! spe Ee ee gaee ego ee ae 
se Se ‘ eee ces Soe Net : GRE se RE iS aa a Sh 05 eae nc ct ae : | 
JANUARY 1935 AGRICULTURAL ENGINEERING 7 
- ae ee eee ——sf 
§ 5 i Ew "ey . Grade of completed terrace 
: TRO 7, a 2 eee © Ui \Z7 NZ “a 
: 29H se +64 J ian) 2H" 700 Tap See Original Surface NW 
yf 30H fea see OL [ah ree Ta55 4 — oe 
EL ro lea Sg Be oe ON 
| aan) —“24 EF ae ee 2 ee re 
: 20L7* oe 1 SL 7L 
" Se SL Te — 13° T Je 
nf Sat i on RE pe me 
- @ 19H 
a ; ——————— | 
| F 
= ae 
raat 
| 
7 
are 
er- — 
nd "*.liceaeen 
; SS See 
ine ee 
ur- ee 15 
1 a 
eC 
“in &§ car area 
it 
ide 
of 
ore Z 
nd. 
eld 
nv PS 
ent 
pes = 
hat pene 
of eerie sooee DD Dot Ot 
te oie metas wove OO EK 
Po 
dge  @ cee 
© 
ler- 
ing. z - 
to 
* z ' 
. * 
» - an. eh odl = ’ 5 S/ 
; es F ‘ \ ie menial aa 
Piva i . — 
a a ole. 2 — wate aN BR he 
\ * v. ee ae ee PRE eR Sas hay wih nM. a ee CARRE Se Soe ENS. 
, i bien be eit Lae Sete, A ‘ ae ae Cae & oe Ce, Fe : 
9 ; eee eee Low Sin, BRS ogy * Ba, : a ee 
: us = ae - aaraee we me ORR . ao. ee ee ; ot os 
a a Sods Salt oa PS SS ; Siete  % ner ot . SS ae ee ee wee 
OIG Soe eee er ges Ny A Sl a I RR ae 
= >) c in AS ee Se wore pee Se ee ees Sa RS Sok. Pas nee SRS 
* Ae Bes eek et A, eee ri Ma 
* ik eee ne PT” Ege eos Me VER ii Me ‘ 3 ee es me SS Ne. ae : : es ari cL ee eS 
‘Sea i ke a Pe Oe RS eo GAS Re. ee 
r eee Fa SM Ug es ee . aa ee RR 
‘ coe ee em TTE tis rt MR eR Re Re See ae eee) OS oe an ee _ ‘ 
; H ng ag Be ae eS a ne eae eyes Naat | eee eee ee a Leet 
7 re Cita Sgt oe BAN aa cea a Se TE a eg Seas Be BS ae +: & < - ~~ — 
xi retest. on . ag sake eek ie atte te Cr eee ee tee eS ee es 
: SE I EES he aR BO ge A SO ee i Se. et ~ e 
: 1 (Re RN Me aa ae A Me ae a ae Big RS OAR “oR ae Sha Sc a 
7 Ries a Ie ag ak le SO, EES Cie eee SN ae Se 
Mae PRT RR os Ean. kk Oe I gee Ge Wer eS nga Saye SY a ae 
. Re wnt : $ } = a 2% — aoe 
; 
£ 
os at se pe ee Sr Bien: 3 a Pe es eM, aie laa fee peat: cael 3 >: : 
eee Po cea een =a74 ae aoe age? ANG sma ese verae ys: ees Core Sf We oes. ae -) Soe << 
Ye eae: aoe SS - ge <a OTS CE SOE GG? SINC Rg pes Ee ae eee eae a Cee A ae 5 ; : 
Ae gas: A Tee aha eee | DE. yee SRO SE Ee ee a 2 ae nee Soe hee ie aplmepes | ; ener ston 3 


Ep arama ERS 8 RT 


Moisture Changes in Some Agricultural Products 
~ Due to Atmospheric Conditions’ 


By W. R. Humphries’ and W. M. Hurst’ 


agencies show that the moisture content of matured 

kernels of grain, such as wheat, on standing stalks in 
the field are subject to changes in moisture content due to 
changes in atmospheric conditions. Grain in storage is also 
affected but to a much less extent than before it is harvested. 
Each kernel is exposed when on the standing stalk in the 
field, but in storage air is excluded, except in the interstices, 
through which there is probably little, if any, movement 
of air. 

Storage-bin ventilation has been recommended for dry- 
ing damp grain but cannot, in view of available informa- 
tion, be relied upon in humid areas, or if the moisture 
content of the grain when put into storage is much above 
the maximum required for safe storage. By exposing grain 
in containers of different sizes and to different degrees of 
exposure for individual kernels under controlled air condi- 
tions, it was thought that some information might be ob- 
tained for use in the design of bins adequate for aerating 
damp grains. 

The results of tests in which observations were made 
as to the effect of exposure on rate of change in moisture 
content of samples of grain indicates that storage-bin ven- 
tilation would be effective provided the grain could be 
exposed to air in thin layers. Even in 4-in layers, wet grain 
would probably go out of condition before it would dry 
unless provision was made for forced ventilation or for 
moving the grain at frequent intervals. 

Commodities Tested. The commodities tested were 
corn, flaxseed, oats, rice, soybeans, grain sorghum, wheat, 
seed cotton, and hay. Corn was a Yellow Dent, shelled. 
The lot was quite dirty and was put through a fanning mill 
before being used. While a representative farm sample of 
each commodity was desired, the presence of excessive for- 
eign material may affect the moisture content to a degree 
—-€ to the absorption characteristic of the mate- 
rials, 

Flax was a Western No.1 Bison. Oats were of the 
Kherson type, Iogold, Iowa 105 or a mixture of both. Rice 
was a Blue Rose, rough, southern grown. A small per- 
centage of the rice was hulled, but this was probably not 
different from the amount commonly found hulled in rough 
rice. Soybeans were U. S. No. 2 Yellow. These were a 
western variety analyzing as follows: Splits, 7.5 per cent; 
damage, 0.7 per cent; foreign material, 1.7 per cent; other 
classes, 0.7 per cent. Grain sorghum was identified as a 
white Kafir class, Grade No. 1. Wheat was Turkey, Kansas 
grown. While the wheat was not officially analyzed, it con- 
tained some foreign material and a few broken kernels and 
could well be considered a representative farm sample. Seed 
cotton was classed as strict low grade and will be referred 


[esse made by both state and federal 


*Chief engineering aid, Bureau of Agricultural Engineering, 
U. S. Department of Agriculture. 

*Associate agricultural engineer, Bureau of Agricultural Engi- 
neering, U. S. Department of Agriculture. Assoc. Mem. ASAE. 

*“Hygroscopic moisture of cereal grains and flaxseed exposed to 
atmosphere of different relative humidity,” Cereal Chemistry, vol. 
11, no. 5, pages 275 to 278, and “Hygroscopic moisture of flaxseed 
and wheat and its relation to combine harvesting,” Journal of the 
American Society of Agronomy, vol. 22, no. 1, January 1930. 


to for brevity as cotton. Hay was southern alfalfa, of which 
two lots were used, one being sun cured and the other arti- 
ficially cured. Both lots were previously chopped to facili- 
tate handling and storing. Each lot graded U. S. No. 2; the 
sun cured was “light grass mixed” and the artificial cured 
“extra leafy.”” The findings of the two hays were combined, 
averaged, and included under “‘hay’’ as there was apparently 
no significant difference in the two lots so far as moisture 
content changes were concerned. 

In the discussion of commodity grades and characteristics, 
it was the intention to bring out some of the factors which 
may affect moisture change by the commodities. In view 
of the number and diversity of these influences it would 

seem desirable to base any future study chiefly upon recog- 
nized varieties and grades. 

Equipment. ‘The exposure room was approximately 13 
by 30 ft in size, with 9-ft ceiling. Automatically controlled 
air-conditioning equipment provided air conditions under 
which the rums were made. The air from the room was 
drawn through a temperature and humidity control unit 
and blown back into the room by a fan from a central loca- 
tion near the ceiling at the middle of the long dimension 
of the room. While samples of the commodities under 
observation were not subjected to a blast of air, the air in 
the room was in motion at all times. 

A hygrothermograph recorded temperatures and hu- 
midities during the runs. These readings, however, were 
checked several times daily, using a calibrated thermometer 
and a sling psychrometer. In the operation of the humidi- 
fying unit a greater difference in humidity was recorded on 
the humidity chart of the hygrothermograph than was indi- 
cated in sling psychrometer readings for all runs. This 
difference between the high and low points on the chart 
was generally constant for individual runs but varied from 
approximately 4 per cent at 65 to 7 or 8 per cent at 85 per 
cent relative humidity. While the humidifying equipment 
was satisfactory for conditions for which it was originally 
installed, the runs at higher humidities and temperatures 
were approaching the limitations of the machine, as was 
manifested by difficulty in holding constant conditions. 

Commodity containers were constructed with two sides 
and bottom of sheet metal. The other two entire sides were 
screened with copper-mesh wire and the top left open. The 
containers, referred to hereafter as racks, are approximately 
11/ in wide, 4 in long, and 12 in high. Material in each 
container was held in a vertical column 11/, in thick, 4 in 
wide, and 12 in deep. The mesh wire surface exposed the 
material on both of the 11/-by-12 -in sides. These racks 
were suspended 3 ft above the floor in a metal stand about 
6 ft long. The racks were placed in the stand all at the 
same height from the floor with the screened sides facing 
one another, with several inches of space between them. 
Five hundred grams was used as an exposure sample in 
the racks for all commodities except cotton and hay which, 
when the racks were filled, weighed something less than 
100 grams. 

In addition to the commodities exposed in racks, samples 
of the same commodities were, for comparative data, ex- 
posed in flat sheet-metal pans at temperatures of 65 and 75 
deg F at respective relative humidities of 65, 75, and 85 
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TABLE 1. 


Relative humidity,* 65% 
In racks 


MOISTURE CONTENT OF SAMPLES OF COMMODITIES EXPOSED TO AIR AT DIFFERENT TEMPERATURES 
AND RELATIVE HUMIDITIES 


Relative humidity,* 75% 


AGRICULTURAL ENGINEERING 9 


Relative humidity,* 85% 


In pans In racks In pans In racks** In pans 

Commodity Temperatures (Fahrenheit) Temperatures (Fahrenheit) Temperatures (Fahrenheit) 

i ie i a i i a: oe, a; a a a ee) i, i) a > oh > it 

Moisture content—per cent of wet weight 

Corn 128 12:33 123 12:3 123 Wi 137 132 34 130 134 13.3 16.2 16.2 
Flax S68 87 87 88 88 87 936 99 9.9 - 96 10.4 10.2 13.5 13.4 
Oats 11.6 120 120 116 118 116 124 128 125 124 129 1246 16:2. 15.7 
Rice 13.9 13.2 13.0 13.0 13.3 13.0 14.3 13.8 13.8 13.8 14.2 13.9 16.0 16.1 
Soybeans 100 10:7 103 10:7 108 105 11.2 126 12.3 12.3 13:7 128 18.7 18.6 
Sorghum 193 130 134 127 128 125 136 13.7 136 133 136 134 16.1 16.2 
Wheat 12.8 13.1 13.1 13.3 13.3 128 13.6 14.2 140 13.6 14.3 140 17.0 16.8 
Seed cotton 162 214 496 14.1 108 2157 123 132 12.77 112A 122 120 166 152 UA 15.3 154 15.2 
Hay 136 i229 129 423 12:3: 128 143 158 154 15:1 135.7 15.1 210 20:1 204 224 21.1 225 


*Per cent saturation at the given temperatures. 


**Samples of grain, flaxseed, and soybeans in racks attacked by molds 


equilibrium with surrounding air. 


per cent. The quantity of material in each pan was such 
as to barely cover the bottom of the pan, and the pans were 
placed on a table near the stand which supported the racks. 

Two hundred grams was the size of unit used for flat- 
pan exposures, except cotton and hay, which were some- 
thing less than one hundred grams each. 


Method of Procedure. Preparatory to each exposure, 
sufficient quantities of each commodity were taken from the 
main lot (1) for use in racks, (2) for flat pans, and (3) 
for initial moisture determination. Moistures were deter- 
mined for cotton and hay in an electric oven and for the 
rest of the commodities in a Brown-Duval moisture tester, 
the moisture tests being run in — 

When proper exposure conditions were reached the 
commodities were placed in the control room and weighed 
thereafter every 24 hr, generally, until a constant weight 
was obtained. After there was no change in weight for a 
period of from two to three days, the samples were con- 
sidered ready for moisture determinations, which were 
made similarly as at the beginning of the exposure. By 
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Morsture content 


Relative humidity (percent) 


FIG. 1 EFFECT OF RELATIVE HUMIDITY ON THE MOISTURE CON- 
TENT OF SOME COMMODITIES WHEN EXPOSED TO AIR AT TEMPERA- 
TURES OF FROM 65 TO 75 DEGF 


or were not left in room long enough for moisture to reach 


knowing the moisture content and weight of the samples 
at either the beginning or end of the tests, it was possible 
to compute daily moisture variation. This was computed 
on the ‘wet weight’ basis which corresponds to the find- 
ings of the Brown-Duval moisture tester. Moistures so 
based are lower than when dry weight is used as a base. 
Some the commodities of the test showed three or more | a 
cent higher moisture content when computed on a dry- 
weight base, which base is frequently used on test work of 
the type mentioned in this report®. 

Effect of Humidity and Temperature on Moisture Con- 
tent. Table 1 and Fig. 1 shows the moisture content of 
samples of commodities after being exposed to temperatures 
of 60, 65, 70, and 75 deg F at respective relative humidities 
of 65, 75, and 85 per cent. Moisture content equilibrium 
is not shown for the grain—-flaxseed and soybean samples 
in racks at a relative humidity of 85 per cent—as unreliable 
data resulted from the «ction of molds, or the period of 
exposure was insufficient for the samples to reach a con- 
stant weight. The grain, Saxseed, and soybean samples 
exposed in flat pans and the hay and cotton, in both types 
of containers, probably reached a point of moisture-content 
equilibrium with the surroinding air in a sufficiently short 
period of time to prevent any damage due to mold. 

Each kernel or particle in flat pans was freely exposed 
to air at different temperatures and relative humidities, 
whereas in the racks only those kernels or particles on two 
sides and the top of containers were freely exposed. Differ- 
ences which occurred between the moisture content of 
samples of the same commodities exposed in different kinds 
of containers is, doubtless, due to differences in surface 
exposures. In case the samples in the racks had been 
allowed to remain in the exposure room long enough, the 
moisture content of the commodities would probably have 
been the same as in corresponding samples in flat pans. 
There was little difference in the moisture content of cotton 
or hay in rack and flat pans due probably to the porous 
nature of the materials. 

The moisture content of the commodities in flat pans 
checked very closely with those in trays when exposed at 
the several temperatures at a relatively humidity of 65 per 
cent. The moisture content of some commodities was, how- 
ever, higher for the rack samples at 60 deg F than at 65, 
70 or 75 deg F at 65 per cent relative humidity (Table 1). 
Except in the case of cotton and hay, a similar and more 
evident difference is noted in this connection with the flat- 
pan samples at 65 and 75 degF at 65 per cent relative 
humidity. 

At a relative humidity of 75 per cent there seems to be 
no consistent difference in moisture content of the samples 
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exposed in racks due to temperature variations; however, 
all of the samples exposed in flat pans at a temperature of 
65 deg F had a slightly higher moisture content than those 
exposed at the same relative humidity but at 75 deg F. With 
several exceptions similar results were obtained with flat- 
pan samples exposed to temperatures of 65 and 75 deg F at 
85 per cent relative humidity. 

So far as these data show, the relative humidity of the 
atmosphere governs the moisture content of some products 
to a much greater extent than air temperature. Variations 
in temperatures from 60 to 75 deg F at a constant humidity 
had little effect on the moisture content of samples of the 
commodities used. This was not entirely in accordance with 
what might be expected as it was thought that a definite 
relation would be found between moisture content of the 
commodities and vapor pressure of the atmosphere or vapor 
pressure deficit. A possible explanation in this connection 
may be that the seed being viable responded in such a 
manner to changes in air condition as to offset slight varia- 
tions in vapor pressure. 
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Considerable variation exists, especially at 85 per cent 
relative humidity, in moisture content of individual com. 
modities, ranging with hay at about 22 per cent to flax at 
slightly above 13 per cent. As the relative humidities in. 
crease from 65 per cent on, many of the commodities show 
practically the same change in moisture content (Fig. 1). 
Noticeable among these are wheat, corn, sorghum, rice, 
oats, and cotton. 

The behavior of soybeans is noteworthy in that, at 
relatiye humidity of 65 per cent, the moisture content js 
lower than that of any of the other commodities except 
flax; stepping the relative humidity up to 75 and 85 per 
cent is attended with acceleration of the moisture curve 
quite similar to that of hay. Of soybeans and flax, two 
oil-bearing commodities, when exposed to high humidities, 
a much greater percentage of moisture is absorbed by soy- 
beans which contain a higher percentage of oil than does 
flax. There seems to be no explanation for this within the 
experimental limitations. Soybeans are known to lose 
germination rapidly under adverse storage conditions; a 
physical or chemical change in the bean structure would 
doubtless encourage moisture absorption. Also, while there 
is no supporting data, some slight increase in soybean mois- 
ture content may have been due to “‘splits’’, which amounted 
to 7.5 per cent of the total weight of the samples used. 

A moisture content of 14 per cent for cereal grain, 16 
aa cent for soybeans, and 11 per cent for flaxseed is usually 
ow enough for safe storage under ordinary storage condi- 
tions. On this basis, and according to Table 1, wet cereal 
grain could be dried if adequately exposed to air at or 
below 75 per cent relative humidity at temperatures of from 
60 to 75degF. The critical relative humidity (relative 
humidity above which the moisture content of the material 
reaches a point unsafe for storage) appears to be approxi- 
mately 80 per cent for soybeans and between 75 and 80 
per cent for flaxseed. The maximum moisture content of 
chopped hay for safe storage is, so far as the authors are 
aware, not definitely known. Seed cotton should have a 
moisture content of from 8 to 12 per cent for best results 
in ginning. On this basis, and according to Table 1, the 
critical relative humidity for seed cotton is about 65 per cent. 

Change in Moisture Content. Figs. 2, 3, and 4 show, 
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with some exceptions, the daily moisture content of sam- 

les of corn, soybeans, wheat, cotton, and hay during the 
entire time they were exposed to different temperatures and 
humidities with the exception of samples exposed to tem- 
peratures of 60 and 70 deg F. 

At a relative humidity of 65 per cent, the moisture con- 
tent of the samples changed very little after being placed in 
the exposure room. However, the effect of degree of ex- 
posure on the rate of change in moisture due to a change in 
air conditions is illustrated in the tests at a temperature of 
65 deg F and relative humidity of 65 per cent. The samples 
were placed in the exposure room on Thursday, July 20. 
Daily weighing on Friday and Saturday showed a slight 
increase in the moisture content of the samples of grain, 
flaxseed, and soybeans, and a decrease in the moisture con- 
tent of cotton and hay. On July 23, about midnight, an 
electrically controlled valve in the ammonia line failed to 
function, and the compressor was automatically shut off, 
but the air circulating fan and the water spray pump con- 
tinued to operate. As a result, the humidity rose rapidly 
and the temperature increased several degrees. According 
to the hygrothermograph chart, the relative humidity rose 
from 65 to 96 per cent and the temperature from 65 to 71 
deg F in about two hours. However, a night watchman 
shut the plant down a few hours after the trouble de- 
veloped, after which the relative humidity in the room be- 
gan to fall slightly. At 9:00 a.m. on July 24, the relative 


‘humidity was 87 per cent and the temperature 74 deg F. 


The effect of this sudden change in air conditions is 
indicated in Fig. 2. The grain in the racks changed very 
little, but the samples in flat pans in which practically each 
kernel or seed was exposed, responded very quickly. The 
moisture content of the soybeans in flat pans increased ap- 
proximately 1.5, wheat 1.3, and hay 4.6 per cent in about 
ten hours. It is also of interest in this connection to note 


“Mechanics of Plow 


In the paper with the above title by A. W. Clyde, appearing 
on pages 388 to 390 of the November 1934 AGRICULTURAL ENGI- 
NEERING (vol. 15, no.11), the reproduction of the illustrations 
below—Fig. 7 (left and middle) and Fig. 8 (right)—did not show 
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that the samples gave up moisture at almost as rapid a rate 
as it was absorbed. 

Probably the most significant indication of the effect of 
exposure on the rate of change in moisture, due to a change 
in relative humidity, is in the series of tests in which sam- 
ples were exposed in racks and flat pans at temperatures of 
65 and 75 deg F, at 85 per cent relative humidity. The 
grain samples in flat pans reached a moisture content equi- 
librium with the surrounding air in from 3 to 5 days at a 
temperature of 65 deg F and relative humidity of 85 per 
cent, while those in racks had not reached that point in 
26 days. 


It was necessary to discontinue the tests at a temperature 
of 75 deg F and relative humidity of 85 per cent before the 
samples in racks reached a moisture content equilibrium 
with the surrounding air due to the action of molds. The 
decrease in moisture content of flat-pan samples near the 
end of the tests as indicated in Fig. 4 was caused by the 
action of molds. The indications are, however, that a maxi- 
mum moisture content was reached before the samples were 
affected. 

The data on which this report is based show that the 
relative humidity of the atmosphere to which samples of 
cereal grain, flax seed, soybeans, seed cotton, and hay were 
exposed, influenced the moisture content of the samples to 
a much greater extent than did air temperature. The rela- 
tive humidity of the atmosphere in which the moisture con- 
tent of individual samples reached a point sufficiently low 
for safe storage, varied somewhat with the different kinds 
of commodities but ranged from approximately 65 to 80 
per cent. Cereal grain, for example, when exposed to air 
at a relative humidity of 75 per cent absorbed or gave off 
moisture until the final moisture content was approximately 
the maximum allowable moisture content recommended for 
safe storage. At a relative humidity of 65 per cent the 
moisture contents of the grain (Continued on next page) 


and Tractor Hitches” 


the broken white lines which illustrate the reference in the text to 
prolonging the line of the pulling chain. Figs. 7 and 8 are repro- 
duced here for the convenience of readers who wish to make a 
thorough study of the text of Mr. Clyde’s paper. 


wos 


* 
(a 


4 
e 


iter ¥ “f 
» pO SAS il 


oP + Fe 
Sees 


be s 


a Se icine eae 7 Pee ee, es ST, | ay “ 5 BS Lc ae ae ie imate = aa 4 
pelt eee WE ea cee an = fe ae Mo ere es Rots 4 Gis les ak meet BSP et 
Po ta aA Meee es 3. Le 2 a re ae 2 SM, ie eee PaaS RRS is Sh Se ek ee EN : . 
Poe ve eaee | tS eee ae ae ee Pec arnt Vg Seer Rae ee gr ; ae ; 
ts owe Bremadiee cole, ae Se ap ae eae a Cn, ae ae ds EP Wie i —e oe: i + e ie : , ; 
‘Cll ee ee ee a ee ee 
oe MR le ae ; <= : 
' ee | 
Pe 
t : 
> 7 ly 
t 4 
\- 
N : 
* 7 . 
a : 
it : 
is § , 
yt | 
a 
= ; 
0 : 
S, : 
@ - 
so 6 UO@& 
ie 6O§ 
e.UC«*@ 
a ff 
id | 
re 7 
S- - 
=d 7 
6 OU 
ly § 
li- 
al ee 
or 
m 
ve 
ial § 
xI- 
80 
of § 
ire q 
a : 
4 i 
Its 
he | ee 
nt. 
| ee ee 
- &§ 
- 
; ) a sa. te Se” CLP ee ———- ee 
:, ; i eee Bg Be RRS ~~ Ag ‘e. pay ail “ar q vat x a. : ee ey 
eee FR RR Se ee ee? Ym E =a ke “| J K a 
- | Bea yo Se ea co ee) Se . 4 SSS ee 
Ae Sy phe a Se Coe .) as coe o “a Sc Ee SS 7a . ea 
= «Xi x ¢ 2 +? \ a. PEE So on. = ? ice ’ & = Sf \ <a oe x a ae igh ha . 
: ee Se lO a ae Sar glia: ° Be me Scar Ss 0 i Ser “Pee 
" of i Bk a. “i >. * RR teed oe ee bn See 
3 ey “SS te OO & a i n, Se ue: Ses oe * x n =s re . 4 fae atten a — 
ae we Oe ae eS ee 
a ib ye Waa “y ’ ors ; ae Ses ek Ke au aeee | NR 
. : Sie Ses teks Re eS oP ro i eee em MR — + eS 
q eee As 5 siamo .. ue ae | oh eng ~~ eae . ae te i _ eS § ey : _ a Et 
/ - ‘ee 2 ae. SS avet EY a. 
_ F BG tg ¥ cp fe geal ~ SS aati a, mows At = a oo ees zh a” '{ “Saaee e a. 
" ; RO «GES ge gi ASS ee ee I a oS a Pe, Gs 
= 7 ed. ae LR Rig. Go a, ~~ ae to > ae a , Wek | | fe reap: Be , a dies > = 
| oy OO bok oe (Soe AE Re Aer) fs Bs 
= : x s “e wed J” ne ba" * if the Sas J a > * 
q ae ; ee ener: — ga 4 : . a ; ’ Y as ] 
é q ~ ll ‘ fg ° 4 y si Aa a % A % “4 e > 3) bene ke Sp ae x My i i iy =< a * 
Biota t SOP ace’ ~ pare © lie : te Se 
= a a . a bat ® gt So st ar an ig eg ra ' A * ey f : YY 43 fa ‘ys 
q SS FP  # oa RR A pe i ee ie Be —, Suen at Bs. 
a. ‘ ,  _— a a i hlCU Ul ae cee aaa Pe, ee 
4 oe. tn _ ee Sa Sas ogee Ph i aes a — 1 es ee ee @ > cate oe 
——ae. Sl % " oe (oe See Sf a ae 
“9 I 5, 6 AS pe ey "§ oy a an ; re * 
= : ah Sie — % 4 —_ yee oN a Ge aig a a.” " ap Se Se oe ae , te.) € 
Ss j se tae % Ss “ut a v he Seon fs _— i ae bung a ON ean See Ie e . a 
dL Se es | a 
; SS erat oer = io ay a Re Cy Tae ee x aS OES 3 h ee dg as os .,% ‘¢ x Poe. bb. * pees Se G a , x 
dL EN SE “s 
b adh et om 2 Sata Pech ee 4 Para a i .. ae % zz SKS. Sy ee: BY Yo ae & ‘4 
- Bre Se PR Ss eee ees. | BB VT ie or |e 
BR ee [ ; > a ee CO > i ee, oS is bey, eas 
x Vie: See oes 6 i ef. Raa ke SAR & ee a pete 4 of . Saar = : 2 eS es” e 
if ) lA fae Be Be, a." hy ee 4 oe ae ihe oe ah RR ce a ae ee . - 
4 gs “age eee ce ee ta Te ats y So) eee 9 | See he my ee q " See. he pete Dares pO 
Sec hi. Pa al (> as ae Mie Oh Fee Be. rw. 
AND Y.-B St Ae ee | ee - 4» *g aS veg: ,. it Se 
; Ae ALL AY eR , i ee ee Rit ye) ; ee 5 ¢ & AES Sy Fe Ree, be ats 3 << P 
ENT [fF Wuuseete.> ‘ieee Cll 3s SS) ER Nee OR ee 
; 
é 
Ag af eee cia as . . 7 , -_ -_ 
Cee Oe ee Se a OE | eS eer, 7s ; mr = 
pep Ee a ee | 
Se Tae 9 ee eS See Beeb cask ee FC 1 PY Neer dee iio arm S, Oceans 


a 


E 4 - Mae 7 
rt ‘ee ae. pt eee hele 


12 . AGRICULTURAL ENGINEERING VOL 16, Nol 


(Continued from previous page) was lower and at a rela- _modities were exposed in such a manner that each kernel 
tive humidity of 85 per cent higher than that recommended or particle was in contact with moving air the moisture con. 
for safe storage. tent of the material increased or decreased as much as ? 

The rate of change in moisture content of the samples per cent, in some cases in a few hours, whereas when ex. 
at any given humidity and temperature was found to de- posed in bulk, even in layers only 4 in thick, five to seven 
pend largely upon the degree of exposure. When the com- days were required for a similar change. 


Wood Veneer Pipe for Draining Agricultural Lands' 


By John G. Sutton’ 


WOOD VENEER PIPE which can be used for drain- This piee is not only light but durable, and would 


ing lands has recently come to the attention of the probably last indefinitely if kept moist in swampy soil. No 
author. This veneer pipe is manufactured by an doubt creosoted pipe should a used in ordinary mineral 
automatic machine invented by Mr. A. Honningstad, super- soils where the water table would frequently fall below the 
intendent of the Norwegian Government Experiment Sta- bottom of the drain. The pipes were strong enough to 
tion, Agricultural College, Aas Station. A description of resist crushing when tested by placing specimens in a ditch 
the pipe and its manufacture was furnished through the 3m deep filled with loose sand and small gravel. 
courtesy of Mr. R. Christensen, consul general of the Nor- This pipe can be manufactured very cheaply under Nor- 
wegian legation at New York City. wegian conditions. The estimated cost to the purchaser, 
Each pipe is about 3 in in diameter and 1m (meter) under Norwegian conditions, is about 1 cent per foot for 
long, divided into sections by transverse saw cuts. The pipe ordinary pipe and 114 cents per foot for pipe impregnated 
is made of single wood veneer about 1/15-in thick, ee be with creosote. The labor cost used in this estimate amounted 
edges are fastened between two wooden lists, one inside to 25 cents per hour, or somewhat below American wage 
and one outside the pipe. The edges of the cylinder are scales. These costs were based on an estimated capital in- 
held together by nine brass wire bands. The lengths of vestment of $17,000, comprising $5,000 for a factory build- 
veneer, about %m wide and 1m long, are rolled, then ing and $12,000 for machinery and eo. including 
secured in shape by the lists and wires and cut into short the machinery for cutting veneer boards and lists, as well 
sections. In Fig. 1, A shows a moist pipe with the saw cuts as the assembling unit. 
visible; B, a dry pipe with opened cuts; C, a pipe impreg- The pipe-forming machine patented by Mr. Honning- 
nated with creosote; D, pipes joined by the lists overlap- stad is shown in Fig. 4 (opposite page). A finished pipe 
ping the ends of the adjoining pipe; E, a U-shaped plate is being pushed out of the near end, a supply of lists is 
lock used to join the pipes. stacked at the far end, and in the rack on the side of the 
The pipe is very light, the untreated pipe weighing machine is a supply of veneer boards. The machine is 
about 1/; lb per foot. Fig. 2 shows three sections of pipe capable of producing 4,000 m of pipe - 8-hr day. It 
joined together held by one man. A crate of pipe contain- could be operated by hand, but would or 
ing 100m weighs about 110 lb including the crate. -This by a small engine or motor. 
weight is about 25 lb greater for creosoted pipe. A crate The Norwegian Experiment Station has been conduct- 


inarily be driven 


can easily be transported by two men, as illustrated in Fig. 3 ing work on the production of drain pipes made of veneer § 


(see opposite page). The light weight of this pipe is an of asp and fir for the past eight or nine years. The Nor- 

important advantage in transporting it over swampy land. wegian director of agriculture allotted government funds to 

a the superintendent of the experiment station to construct 

" es a = —— of Mr. = McCrory, chief, 4 machine for manufacturing these pipes. Some installa- 

a ee rene U. S. Department of Agri- tions of veneer pipe have been in service in Norway for 

*Assistant drainage engineer, Bureau of Agricultural Engineer- 45 long as seven years and have furnished satisfactory 
ing, U. S. Department of Agriculture. Mem. ASAE. drainage. 
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FIG. 1 (LEFT) WOOD VENEER PIPE DEVELOPED IN NORWAY USED FOR DRAINING LAND, FIG. 2 (RIGHT) THIS PICTURE SHOWS HOW LIGHT 
THE WOOD VENEER PIPE IS 
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FIG. 3 (LEFT) A CRATE OF WOOD VENEER PIPE CAN BE EASILY TRANSPORTED BY TWO MEN. FIG.4 (RIGHT) THE WOOD VENEER PIPE- 
FORMING MACHINE PATENTED BY MR. A. HONNINGSTAD, WHICH IS CAPABLE OF PRODUCING 4,000 METERS OF PIPE IN AN 8-HR DAY 


A Nomographic Solution of the Rational 
Run-off Formula 


By Garrett B. 


HE ACCOMPANYING chart may be found useful 
for the solution of the rational run-off formula. 

The equation, Q = CIA, may be written in the 
form Q/A =1/(1/C). Rectangular axes are drawn as in 
the chart. The left-hand vertical axis is graduated for 
values of Q; the right-hand vertical axis is graduated for 
values of A; the upper horizontal axis is graduated for 
values of the reciprocal of C; and the lower horizontal axis 
is graduted for values of J. 

The relation which must exist between the graduations 
of the various axes is that intervals on the C axis divided by 
intervals on the J axis must be equal to the intervals on the 
A axis divided by intervals on the Q axis. 

The lower left-hand origin and the upper right-hand 
origin are connected by the diagonal as shown. 

The proof of the given construction is evident through 
use of the two broken lines in the chart. Triangle 1 and 
Triangle 2 are similar. Therefore, Q/A equals m/n. Ina 
like manner, Triangle 3 and Triangle 4 are similar, making 
I/(1/C) equal to m/n. Therefore, Q/A equals I/(1/C), 
which is the form of the run-off formula as it was written 
for the construction of this chart. 

For the determination of run-off from any given area, 
one first determines the intensity of rainfall for the period 
of concentration of watershed in question. A straight-edge 
is laid upon the chart, connecting the proper value of / 
upon the lower axis with the proper notation of characteris- 
tics of watershed upon the upper horizontal axis. The 
straight-edz> will intersect the diagonal in a point. If the 
position o1 ihe straight-edge then be changed in order that 
it will pass through the point just determined on the 
diagonal and the point upon the right-hand vertical axis 
denoting the area of the watershed, the proper value of the 
tun-off in cubic feet per second may be read from the left- 
hand vertical axis at the point of its intersection with the 
straight-edge. 

For example, it is desired to determine the run-off from 
100 acres of rolling pasture land which has a time of con- 


_—.. 


‘Assistant professor of mathematics, Oklahoma A. & M. College. 


Drummond’ 


centration equivalent to an intensity of 5 in per hour. From 
the chart it is determined that the value of Q is 181 cu ft 
per sec. 

A refinement of this chart for application to a given 
locality for storms of specified frequency may be had by 
graduating the lower horizontal axis in time of concentra- 
tion rather than intensity. For instance, should a time of 
concentration of 15 min correspond to an intensity of 3 in 
os hour, the division of the lower axis marked ‘3’ should 

e labelled ‘15’, and similarly for other durations. 
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A CHART FOR THE SOLUTION OF THE RATIONAL RUN-OFF FORMULA 
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HE QUESTION of an investigation of ventilator 

heads (cowls) has often presented itself in connec- 

tion with the numerous wind-pressure experiments 
which, for statical purposes, in course of time have been 
carried out at the Research Laboratory for Building Struc- 
tures at the Royal College of Science, Copenhagen?. 

The experiments mentioned in this paper were under- 
taken on the promptings of several quarters and as a part 
of a more elaborate investigation of pressure distribution 
on a building freely exposed to the wind. 

The experiments were all carried out in a wind channel 
with a cross section of 30x30cm. In the first series of 
experiments the cowls were placed with the axis at right 
angles to the air stream. In the second series the axes of 
the cowls sloped away from the wind forming an angle of 
25 deg with this corresponding to the average wind direc- 
tion for a cowl eg on a roof with a slope of 25 deg. 

Finally, a third series of experiments was carried out 
with the cowls inclined towards the wind forming an angle 
of 25 deg with it, and thus illustrating a downward whirl- 
wind which might cause downdraft. 

Fig. 1 shows a cowl — in the wind channel, in a 
height over the bottom of this corresponding to the height 
in which it would be placed above a roof. The bottom of 
the ventilating shaft ends in a box 55 cm deep, 41 cm long, 
and 30cm wide. By means of shutters between this box 
and the surrounding air, it is possible to vary the static 
pressure in the box greatly in relation to the static pressure 
created in the channel by the air current. Closed shutters 
create vacuum, open shutters pressure. The inserted air 
filter tends to distribute the air current evenly. 

As vacuum or pressure in the box may be produced only 
by an air currcat through the wind channel, which creates 
vacuum in this, the conditions by calm weather, where the 
difference in gravity of the air is the only moving power, 
may be investigated only by use of a ventilating fan, which 
blows the air through the above-mentioned shutters into 
the box, while there is no movement of the air in the wind 
channel itself. The maximum vacuum, which a cowl is able 
to work against without causing a downdraft, i.e., the 
vacuum which prevails in the cowl and the flue, when the 
air velocity through the cowl is zero, was investigated in 
the following manner. 

The lower end of the air flue was soldered tightly and 
was by means of a small tube and a rubber hose connected 
to one side of a manometer, the other side of which was 
connected to the static pressure orifice of a Pitot tube. The 
air velocity in the wind channel was measured by means 
of another Pitot tube. The air velocity in the flue was 
measured by means of two pieces of tube 2 mm in diame- 
ter, which were placed alternatively in a vertical position 
through the top of the cowl. One of the tubes had a 
hole in the tip and therefore measured the total pressure. 


‘Dr. techn., professor of structural engineering and director of 
research laboratory, Royal Technical College, Copenhagen. 


*Windpressure on Buildings, Experimental Researches (first 
series), Copenhagen, 1930, ‘Ingenioervidenskabelige Skrifter’” A23. 
*Patent applied for U.S.A. and foreign. 


“By other earlier experiments the awkward coordinate system 
with p/l4pv." as abscissas and v/vo as ordinates was chosen. See, 
for instance, 0. Savonius ‘“Teknisk Tidskrift’’ Stockholm 1933, 
— 38, Mekanik 9; and 0. Back ““Gesundheits Ingenieur, 1932, 
Heft 51. 


Experiments with Ventilating Cowls 
By Chr. Noekkentved’ 


The other tube was closed with solder at the tip, but was 
provided with small holes placed 2 cm from the tip. This 
tube measured the static pressure, and therefore the differ. 
ence between the two measurements indicated the velocity 
pressure in the flue. 

The cowls investigated were (1) Roar B*, (2) Agri’, 
and (3) Aerofon. For purpose of comparison a tube with- 
out cowl was also investigated. Fig. 2 shows photographs 
of and sections through the cowls examined. 

As the side line of the wind channel is 30 cm only the 
cowls had to be examined as models, the shaft of all the 
cowls being 50 mm long. Special attention is called to the 
fact that the size of the model may influence the results; 
still it is believed that a comparison between the different 
cowls will not change appreciably with other sizes of the 
cowls. 

First a theoretical calculation of the manner in which 
the ventilating cowls operate will be given, and then a 
thorough description of the results obtained. 

Suppose we have a ventilating cowl with an area of the 
outlet equal to @ times the area of the flue. On account of 
the effect of the wind, a certain vacuum will obtain at the 
outlet, which naturally is measured in proportion to the 
kinetic energy of the wind. 

If the wind velocity is v,, the magnitude of the vacuum 
may be expressed as £ 1/4, pv,?, £ being a numerical coeffi- 
cient. If the average velocity in the flue is v, the average 
velocity at the outlet will be v/a. The total energy per unit 
of volume at the outlet is then under the assumption of 
uniform stream flow 


—EYV2 pv? + Vy p (v/a)?. 

The energy per unit of volume under the lower end of 
the flue is represented by the difference between the pres- 
sure in the box and the static pressure of the air current 
(the wind). This pressure difference is called p. On ac- 
count of the pressure loss in the flue and the cowl, the two 
expressions for energy may not be put equal to each other. 
From p must be deducted the internal pressure loss of the 
cowl, which may be expressed by 7 / pv”, 7 being a co- 
efficient. 


FIG. 1 A VENTILATING COWL IN POSITION IN THE WIND-CHANNEL 
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Now the following formula applies 
—£Yy pv? + Yn p(v/a)? = p—yYape’.... {1} 
Yo pv*{(1/a)* + n] =p + £12 pv? 
I P 
(1/a)* + 9 ( VY, pv? 


The quantity (p/1/2 pv”) + ¢ indicates the total mov- 
ing power in relation to the energy of the wind, p/Y. p v,° 
being due to the internal pressure in the ventilated room; 
f to the suction of the wind. It is therefore of very great 
importance to give the cowl such a shape that ¢ becomes as 
great as possible. It may be said that ¢ is a measure for the 
external resistance of a cowl, as & simply indicates the 
vacuum, which the surrounding air stream creates at the 
outlet of the cowl. 

¢ is dependent on (v/v,)?. The air stream which leaves 
the cowl may be regarded as a flow in an immaterial 
“stream tube,” outside of which the external air flows. As 
this ‘stream tube” will change with changing (v/v,)?, the 
vacuum, £ 1/ pv,?, produced by the surrounding air stream 
will also vary with varying (v/v,)?. 

On the other hand, for a given cowl and a certain value 
of (v/v,)?, a corresponding value of ¢ will always be 
found, independent of any possible change of the internal 
resistance in the flue or cowl. 

Consequently the internal and the external resistances 
must be independent of each other and may be considered 
separately. 

Just as £ is a measure for the external resistance, the 
coefficient 1/[ (1/a)* + 7} will be a measure for the inter- 
nal resistance of the cowl. The coefficient indicates in Equa- 
tion [2] simply the useful effect of the moving power, and 
it is therefore important to keep (1/a)* + m as small as 
possible. However, a great value of @ will often correspond 
to a great value of », as for instance a pronounced conical 
shape increases the resistance. 

The most favorable value of the coefficient may be 
found by experiments only. As mentioned in the case of £, 
y will probably vary with (v/v,)?, in such a manner that 
decreases, when (v/v,)? increases. 

Equation [2} shows that it is possible to obtain a natu- 
ral characteristic of a cowl by drawing the results found by 
the experiments in a coordinate system with p/1/, pv,? as 
abscissas and (v/v,)? as ordinates‘. 

For (v/v)? = 0 is p/Yy pv? = —£. This point indi- 
cates the greatest vacuum which the cowl is able to work 
against without causing downdraft. 


The numerical value of (p/1/ pv,?) min is in the fol- 


(v/%)? = 
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lowing called ¢,. At calm, i.e, v, = 0 and 4 pv,? = 0, 
Equation [1] may be written 


Yn p (v/a)? = p—7Yr pv? 
1 


pO 
(1/a)? + 4 
By dividing both sides of the equation with 1/, p v,., it is 
seen that the coefficient 1/[ (1/a)? + 7] in this case corres- 
ponds to the direction towards the infinitely distant point. 
In Figs. 3 to 6 are shown the curves in the above- 
mentioned coordinate system corresponding to the various 
cowls. These curves will be discussed farther on in this 


paper. 


« F%er= 


THE First SERIES OF EXPERIMENTS 


In the first series of experiments (see Figs. 3 to 6), the 
cowls were placed at right angles to the air stream. The 
curves drawn in solid lines in Figs. 3 to 6 (marked “1’’) 
show the results of the experiments. 

Using the above-mentioned coordinate system, the re- 
sults obtained are marked with dots in a small circle at the 
left in each plan, p/1/, pv,” being plotted as abscissas and 
(v/v,)? as ordinates. It turns out that the points lie close 
to a smooth curve called the characteristic curve of the 
cowl. A sloping line indicating the direction to the infi- 
nitely distant point is drawn at each of the curves. 

Based on the characteristic curve of a cowl, the curves 
shown on the right-hand sides of Figs. 3 to 6 have been 
found. These curves give for the pressure (mm water 
column), indicated on a certain curve, corresponding values 
of the wind velocity, v,, and the velocity in the flue v, being 
therefore especially adapted to practical use. 

The characteristic curves are specially fit for a compari- 
son between the various cowls and for theoretical calcula- 
tions. If a certain curve is compared with Equation [2}, it 
is seen that the curve starts at the bottom at a point which 
corresponds to v = 0, i.e., for instance in Fig. 3 


(p/ pv,2)min = —f, = —0.81. 


This point, which we will call the nadir of the curve, 
indicates the maximum vacuum against which the cowl is 
able to work. 

If » and ¢ were constants with the value which they have 
at nadir, Equation [2} would represent a straight line in 
the present coordinate system. Therefore, the curved shape 
indicates plainly that » and ¢ vary, which must be due to a 
modified manner of operation of the cowl, and this again 
must be a consequence of the changes in the air flow issuing 
from the cowl. 

Examining the line from the nadir, it is seen that the 
first part of it is sharply curved indicating a very rapid 
change in » and ¢. After this it follows the straight line part 
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PHOTOGRAPHIC AND SECTIONAL VIEWS OF THE VENTILATING COWLS STUDIED. (MEASUREMENTS IN MILLIMETERS ) 
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of the curve, in which interval the manner of operation 
only changes very little. The curves seem to be approxi- 
mately a straight line in the direction towards the infinitely 
distant point corresponding to calm. 

There is no doubt that » and ¢ are constants on the 
straight-line part of the curve. The slope of the curve, 
which is the same as the direction to the infinitely distant 
point, is expressed in the coefficient 1/[(1/a)* + n}. If 
the above-mentioned line to the infinitely distant po:nt is 
drawn through the nadir of the curve, it is seen that the 
horizontal distance from this line to the curve indicates the 
difference between the value of ¢ in the nadir of the curve, 
f., and in the point in question. 

It is seen that £ < £, for (v/v,)* > 0, for all cowls, but 
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that the loss in £, Ag, is smallest for the Agri cowl and 
greatest for the tube without cowl. 

A solution quite as simple as this for £ can not be indi- 
cated for the curved part of the graph, as a variation takes 
place both of (1/a)* + » and of &. 1/[(1/a)? + n} is 
doubtless smallest at the nadir and grows to its maximum 
value at the point where the curve passes over into the 
straight-line part making A € slightly smaller than the hori- 
zontal distance between the curve and the line to the inf- 
nitely distant point. 

In order to get a clear understanding of the manner of 
operation of the cowls experiments with smoke were car- 
ried out, the smoke from a smoke powder being lead into 
the box at the bottom. The results of these experiments 

jvn/sec: Vertical Cow/ 
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pisthe pressure orthe vecuum in mm water column of 
the lower end of the f/ve measured in relation fo the 
stotic pressure of the atmosphere. 

6 /sthe wind velocity in m/sec. 

v ¢s the velocity of the ait Current in the flve in m/sec. 


FIG. 3 THESE CURVES SHOW THE RESULTS OF EXPERIMENTS WITH A CYLINDRICAL TUBE WITHOUT A COWL 


} ie 
nd ed 


2) 05 ° 


1. Vaetico/ cow/ 


2. Cow/, sloping 25° towards rhe wind 
3. 0 ” « awey from the wind 


Vertical Cow/ 


6 0 m/sec? 
p ’sthe pressure or the vacuum in mm werter column at 
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FIG. 4 THESE CURVES SHOW THE RESULTS OF EXPERIMENTS WITH THE ‘ROAR B” VENTILATING COWL 
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Symbols 
periments with nt3es 
ue « 
« * 
* . 
—s 4 
ara $ 36° 


1. Vertical Cow/ 
2. Cow/, sloping 25° tewarels the wind 
a ” « owey from the wind 
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rh§so 
Dtijyo S0 
7:20.30 
asec. 
. 160 oe 4% 
pls the pressure or the vecuumn i inm weter column at 


the tower end of the tive measured in relation to the 
totic pressure of the atmosphere 

4 sthe wind velocity in msec. 

v ts the velocity of the oir current in the te in m/sec. 


FIG. 5 THESE CURVES SHOW THE RESULTS OF EXPERIMENTS WITH THE “AGRI” VENTILATING COWL 


« = a / 
080 -O5 r) Os 70 is” Ae = F800" 


1 Verticol cow/ with @ slit turned towards thewind 

la» «  # un guide plate turned towards thewind 
2 Thecow/ slopes 25° away fromthe wind 
os 2s “ 25° towards the wind. 


Symbols 0 
| Exsperiments with rt=558 | 


with a slit turned towards the wind 


Vertical Cow! witha Slit turned fowords the Wind 


at Vmn/sec oe i. 


« at 265 
» nt 490 


20 %/sec. 


pis the pressure or the vecuurn in tm water column at 
the tower end of the tue meosured in relotion fo the 
static pressure of the atmosphere. 

«6 ‘sthe wind velocity in m/sec. 

v is the velocity of the oir current in the flue in m/sec. 


FIG.6 THESE CURVES SHOW THE RESULTS OF EXPERIMENTS WITH THE “AEROFON”’ VENTILATING COWL 


are indicated in Fig. 8. The experiments were carried out 
without vacuum or pressure in the box. 

There is special reason to point out how the cylinder- 
shaped mantle at the top of the Agri cowl distributes the 
stream flow evenly over the whole opening of the cowl, in 
contrast to the tube without a cowl from which the smoke 
was very unevenly distributed with much smoke in the 
rear part of the section and only very little in the front part. 
The rear limitation of the smoke just above the top of the 
cowl is for this reason clearly defined by the tube without a 
cowl, while by the Agri cowl this line is almost hidden by 
the smoke coming from the front of “the section.” 

_ Incase of the Aerofon cowl it appears that, when a slit 
is turned towards the wind this slit is the only one that is 
inactive, while the other six act as stream-flow openings. 
Further, it is seen that even the foremost slit emits a slight 


streak of smoke above the top plate of the cowl. The active 
slits emit smoke in their full height, but the stream-flow 
lines at the bottom are steeply sloping towards the top 
which is in accordance with the upward stream flow inside 
the cowl. When a face is turned towards the wind, the two 
adjacent slits will become inactive, and it is therefore quite 
natural that the useful effect becomes smaller than with a 
slit towards the wind. The effect of the outward shape of 
the guide plates of the Aerofon cowl is apparently due to 
the fact that the wind “rays” from the concave surface are 
thrown out along the adjacent slit and increases the suction 
in this. 

In accordance with this an experiment with the guide 
plates filled out with gypsum, making the outer shape of 
the cowl cylindrical, showed much smaller useful effect, 
whereas the inner shape of the guide plates had no appreci- 
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able influence, which has been shown by an experiment 
with a cowl consisting of a thin-walled cylinder having the 
same seven slits as the Aerofon cowl. 


SECOND AND THIRD SERIES OF EXPERIMENTS 

In these experiments the cowls were mee with a slope 
of 25 deg, with the second series away from the wind and 
with the third series towards the wind. 

The results of the experiments are shown in the char- 
acteristic curves in Figs. 3 to 6. The curve shown with a 
solid line (marked “1’’) applies to a vertical cowl, the 
curve shown with a dotted line (marked 2’) applies to a 
cowl sloping away from the wind, and the curve shown 
with a dot-and-dash line (marked ‘‘3’’) applies to a cowl 
sloping towards the wind. 

It indicates that a cowl sloping away from the wind 
gives increased effect, a cowl sloping towards the wind 
decreased effect, except in the case of the Agri cowl, for 
which the cowl sloping away from the wind gives the same 
result as for a vertical cowl, probably because the manner 
of operation of the vertical cowl is almost ideal. 

A short summary of the results for each of the cowls 
follows: 

1 Tube Without Cowl. It appears that , for both 
“2” and “3” are less than for ‘‘1’’, and that the effect in 
case “3” is very small. (¢, drops from —0.81 to —0.05.) 

2 Roar B Cowl. The influence of the slope is in this 
case very limited, especially is the drop in case ‘‘3’’ small, 
although the numerical value of £, is somewhat smaller 
than in case “1”. 

3 Agri Cowl. Cases “1” and “2” give the same re- 
sults as mentioned before, while case ‘3’ shows a con- 
siderable drop. The numerical value of €, is in case “3” 
only about half of the value in case “1”. 

4 Aerofon Cowl. In this case the numerical value of 
¢. for “2” and “3” is bigger than in case ‘‘1” which causes 
“2” to lie considerably above “1” and “3” only slightly 
below “1”. 


A COMPARISON BETWEEN THE COWLS 


The first thing which may be ascertained by a compari- 
son of the results obtained, is that a tube without cowl is 
so sensitive to a variation in the wind direction that it gives 
hardly any security against downdraft. As a whole it may 
be said that all the cowls examined are better than a tube 
without a cowl, even if there is a great difference between 
the useful effect of the three cowls examined. Therefore, 
the experiments have clearly established the usefulness of 
providing a flue with a cowl. 

It develops that of the three cowls examined each have 
their advantages. In order to be able to characterize these, 
we will divide the range, inside of which a cowl shall 
operate, in the following parts: 

1 Great Internal Vacuum (Downdraft). Downdraft 
will occur for a great negative value of p. When the numer- 
ical value of p = {,, then (v/v,)? = 0, i.e., v = 0, which 
means that an increase in the numerical value of p will 
cause downdraft. 

In this case it appears that the Aerofon cowl is supe- 
rior to the others, especially when the cowl is sloping 
towards the wind which corresponds to a downward slop- 
ing wind. In order to be able properly to take this in con- 
sideration, one must remember that the wind normally will 
be horizontal, or at the ridge of a roof have a slope upward 
equal to the slope of the roof, resulting in the following 
succession of the cowls according to useful effect: Aerofon; 
Agri; Roar B. 

But as there is always a risk of downward wind direc- 
tion together with a great negative value of p, a classifica- 
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4 neato»? 
FIG. 7 THIS SHOWS THE RESULTS OF EXPERIMENTS WITH THE 
COMBINED VENTILATING COWL 


tion of the cowls in this case must also be found, resulting 
in the following succession: Aerofon; Roar B; Agri. 

What the real importance of this fact is may only be 
settled by experiments in practice, by which it was ascer- 
tained (1) how great the greatest vacuum might be, which 
a cowl must be able to work against, and (2) the corres- 
ponding downward slope of the wind. 

2 p Is Negative, But Numerically Smaller Than ,. 
The cowl works against an external pressure but this is not 
so great that it cannot work. In this case the classification is 
different according to the wind direction, as follows: 


(a) For an upward wind direction: Aerofon; Agri; 


Roar B 

(b) For a horizontal wind direction: Agri; Aerofon; 
Roar B 

(c) For a downward wind direction: Aerofon; Roar B; 
Agri 


In this case the effect of the cowl for everyday use is 
examined, and not as in case 1 the unfavorable conse- 
— of an exceptional case (with the wind sloping 

ownward plus a great vacuum). 

Therefore, the Agri and Aerofon cowls must be con- 
sidered the better—Agri for flat roofs (horizontal wind 
direction) and Aerofon for sloping roofs (upward wind 
direction) . 

3 ps Positive. The effect of the cowl is due partly 
to an internal pressure (natural gravity) and partly to the 
suction of the wind. In this case the Agri cowl is superior 
to the other two cowls. Only for downward sloping wind 
(the exceptional case) and for small values of p the Aero- 
fon cowl may be more effective. The classification is then 
as follows: For small values of p—Agri; Aerofon; Roar B, 
and for great values of p—Agri; Roar B; Aerofon. 

4 Calm, Only the Natural Gravity as Moving Power. 
In this case the experiments have given the following re- 


sults: 


Roar B: Y, pv? = 1.16 p 
Agri: VY, pv? =1.15p 
Tube without a cowl: Y, pv? = 1.00 

Aerofon: Y, pv? = 0.90 p 


This shows that the Agri and Roar B cowls are prac- 
tically equally effective for the natural gravity alone, while 
the Aerofon cowl is the least effective. 


THE COMBINED COWL 


The experiments have shown that a cowl of the Agri 
type contains some very valuable elements but that it is too 
sensitive to a variation in the wind direction. This is no 
doubt due to the fact that it is quite unprotected against a 
downward air current, while both the Roar B and the Aero- 
fon cowls are protected by a horizontal plate on top. 

In order to investigate how a better cowl might be con- 
structed, we have examined the cowl! shown in Fig. 7, which 
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Tube without Cow! ee 


FIG. 8 THIS ILLUSTRATES THE STREAM FLOW FOR THE TUBE WITH- 
OUT COWL, AND FOR THE “ROAR B,” “AGRI,” AND “AEROFON” 
VENTILATING COWLS 


in all essentials is the Agri cowl, only provided with a 
horizontal plate on top. Further, we have decreased the 
conicity of the Agri cowl in order to reduce the internal 
loss of the cowl. This has in the present model resulted 
in the removal of the central cone of the Agri cowl. The 
results of the experiments with this combined cowl are 
shown in Fig. 7. The effect was, with a 10-cm diameter 
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of the top plate equal to the diameter of the ring, quite the 
same for a horizontal wind direction as for wind directions 
sloping 25 deg upward or downward. 

This cowl is clearly superior to all the others. The only 
advantage any of the other cowls has is that £, for the 
Aerofon cowl is numerically greater, namely, 0.80 against 
0.59 for the combined cowl. It is doubtful whether this is 
of any real importance, and it may as previously mentioned 
only be decided by experiments in practice. 

In case of the natural gravity being the only moving 
power (calm) the cowl is very effective, which is clearly 
shown by the result. The top plate is placed so high above 
the outlet that it causes no loss by natural gravity, as it has 
been proved that the effect of the cowl is not increased by 
removing the plate. 

By a closer study of the cowl it is possible to bring out 
certain special properties, for instance, if the diameter of 
the top plate is increased to 150 mm, the effect of the cowl 
will be greater for case ‘3’ (sloping towards the wind) 
than for case ‘1’’, and less for case “2” than for case ‘‘1’’. 
For case “3”, &, will reach 0.97, which may be utilized if 
there is danger of downward wind directions. 

We have by these experiments only wanted to point out 
that it is possible to obtain a clear picture of the effect of 
the cowl for the different cases to be met with in practice 
by finding the characteristic curve of the cowl. Thus, a very 
practical means has been found for further development of 
the useful effect of the ventilating cowl. 


An Exhibit of Twenty Years of Farm Machine Progress 


Engineers published a ‘‘Report of an Inquiry into 

Changes in Quality Values of Farm Machines between 
1910-14 and 1932.” This report, styled by the “Implement 
and Machinery Review” of London as “a monumental 
piece of work,” was prepared by a group of ASAE members 
with the cooperation of a number of engineers and eco- 
nomists in the farm equipment industry. 

Improvement in farm machines is necessarily a matter 
of changing details of construction, and the value of the 
total improvement is represented by the aggregate value of 
all of the separate changes made. In the report an effort 
was made to evaluate all of the changes and designate the 
same by an index figure which took into account all of the 
individual changes made. The index figure representing 


I: JUNE 1933 the American Society of Agricultural 


THIS EXHIBIT, PREPARED BY THE AGRICULTURAL ENGINEERING DE- 
PARTMENT OF IOWA STATE COLLEGE, PORTRAYS TWENTY YEARS’ 
PROGRESS IN THE IMPROVEMENT OF FARM MACHINERY 


improvements during the period of the survey varied from 
130 for the smoothing harrow to 215 for the ensilage cut- 
ter. The committee observed in making the inquiry that 
even the engineers in intimate contact with farm machine 
development were not fully impressed with the magnitude 
of the advance which had been accomplished. The advance 
had come about gradually and quietly. 

To present the changes in an impressive way an exhibit 
of old and new parts was prepared by the agricultural engi- 
neering department of Iowa State College, through the co- 
operation of Mr. C. H. Chase, secretary of the Iowa Imple- 
ment Dealers’ Association, and a number of manufacturers, 
for display at the annual convention of the dealers. A pic- 
ture of the exhibit designated as “Twenty Years of Prog- 
ress’ is shown on this page. 

It is not possible to describe or make a comparison of 
many parts shown in the exhibit, but, as an example, com- 
pare the disk harrow blades shown. The old-style, non-heat- 
treated disk blade had an average Brinell hardness number 
of 255 and failed when tested with a 100-lb impact ham- 
mer with five drops of the hammer increasing from 3 to 
15 in. The heat-treated disk blade had a Brinell hardness 
number of 402 and withstood with little injury not only 
seven drops of the hammer increasing from 3 to 20 in, but 
five drops at 20in. Another comparison was the 67-lb, 
hand-forged connecting rod, costing $77.00 for a 27-hp 
tractor of 1914 and the 51/,-lb alloy-steel connecting rod 
costing $8.00 for a 27-hp tractor of 1933. 

So much interest was created with the exhibit that it 
was shown at the convention of the Iowa State Farm Bureau 
at Des Moines, again at Iowa State College during Farmers’ 
Week, and finally at the headquarters of the Iowa Imple- 
ment Dealers’ Association at the Iowa State Fair. 
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FIG. 1 (LEFT) PLANTING CARROTS WITH A SIX-ROW VEGETABLE SEEDER AND CULTIVATOR BUILT ON A ONE-PLOW TRACTOR. FIG. 2 (RIGHT) 
THE MACHINE SHOWN IN FIG. 1 Is CONVERTED INTO A CULTIVATOR BY REPLACING SEEDERS WITH THREE SUCH TOOL GANGS SHOWN HERE 


A Vegetable Seeder and Cultivator for the 
One-Plow Tractor’ 


By D. C. 


HE GENERAL-PURPOSE tractor, equipped to do 

nearly all farm jobs done by tractors or horses, has 

become a common source of power for preparing 
the seedbed, planting, cultivating and harvesting such crops 
as corn, small grain, hay, and potatoes, but has attracted 
little attention as a source of power for producing vegetable 
crops. The use of such tractors for vegetable production 
has been limited partly because adequate seeding and culti- 
vating equipment has been lacking, and partly because of 
difficulties in adapting a large power unit to market-garden 
operation. The advent of the one-plow tractor designed 
for the needs of farms employing small power units, how- 
ever, has afforded opportunities for substituting mechani- 
cal power for other types of power as well as for costly 
and arduous labor on market garden and truck farms. 


A few efforts have been made to use the tractor in 
vegetable-growing operations. One market gardener in 
central Pennsylvania, having been unable to obtain a tractor 
vegetable cultivator, has adapted the one-plow tractor to 
the cultivation of his vegetable crops. To a long drawbar 
placed just back of the tractor wheels he has attached five 
five-tooth walking cultivators at 30-in centers, each oper- 
ated by a man. He uses either 30-in, or alternate 10-in and 
20-in, row spacings for all his crops, thereby enabling him 
to use the same cultivating equipment for all crops, the 
only adjustment necessary being that of controlling the 
cultivator width. The men cultivating between rows which 
vary in width must operate the lever controlling the culti- 
vator width as well as guide the cultivator. The 30-in 
_ rows are planted with a two-row planter pulled by 
the tractor, while the alternate spaced rows are planted 
with a two-row hand seeder. The space between the 10-in 
rows also is cultivated by hand. Such a plan offers the 
advantage of having the tractor easily and quickly available 
for other jobs and makes possible the cultivation of all 


1Paper presented at a meeting of the Power and Machinery 
Division of the American Society of Agricultural Engineers at Chi- 
cago, December 3 and 4, 1934. Publication authorized by the 
Director of the Pennsylvania Agricultural Experiment Station, 
November 28, 1934, as Technical Paper No. 668. 

2Instructor in agricultural engineering, The Pennsylvania State 
College. Jun. ASAE. 


Sprague’ 


crops without stopping to change equipment, but fails to 
make the best use of time and labor. 


A well-designed vegetable seeder and cultivator for the 
one-plow tractor obviously offers possibilities for decreas- 
ing the time and labor required in the production of 
vegetable crops. Because of such possibilities the Agricul- 
tural Engineering Department of The Pennsylvania State 
College, in cooperation with the division of vegetable gar- 
dening of the Department of Horticulture, has begun inves- 
tigations on the adaptation of vegetable seeding and culti- 
vating equipment to the one-plow tractor. During the 
spring of 1933, a specially built seeder and cultivator, 
equipped with regular vegetable seeding, cultivating, and 
hoeing equipment, was obtained for this tractor. Fig. 1 
shows this machine in operation seeding carrots. It was 
used during 1933 and 1934 for seeding and cultivating a 
field of carrots and beets planted in 20-in rows. During 
the late summer and fall of 1933, studies were made of the 
use of this machine for different row widths and soil con- 
ditions by planting and cultivating an experimental plot of 
corn. These studies indicated that this equipment has pos- 
sibilities for use in the growing of vegetable crops. 


This machine was designed either to seed or to cultivate 
six 18 or 20-in spaced rows at once. The framework for 
supporting either the seeding or cultivating equipment was 
built directly on the tractor. The seed hoppers, counter- 
shaft, and levers were carried by a channel placed across 
the tractor frame just back of the clutch housing. The 
hopper seed agitators were chain driven from the rear axle 
of the tractor. Four seed hoppers were provided, two of 
which were double, each seeding two rows. Raising and 
lowering the left master lever placed the seeding mech- 
anism in and out of gear. Adjustable compression rods 
and four individual gang levers provided a means of level- 
ing the seeding units and pasa the cultivating depth. 
The depth of planting was controlled by the adjustment 
of the furrow-opening mechanism. Different seed plates 
and openings made possible sowing various kinds and 
amounts of seed. Stops for closing the plate openings wer¢ 
individually hand controlled. 

Although the seedbed in 1933 was cloddy, because the 
soil was too dry to permit fine working, a very satisfactory 
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job of seeding was done with this equipment. The run- 


ners ahead of the furrow openers either crushed or pushed 
the clods aside, and the seed was placed at a uniform depth. 
The machine could be guided easily, and exceptionally 
straight rows were obtained. 

The equipment described had some objectionable fea- 
tures, and certain difficulties were encountered. When re- 
moving seed from the hoppers in order to change from 
one kind to another, the end of the seed tube attached to 
the furrow opener had to be removed and inserted in a 
container. The seed plate was next removed and the coun- 
ter shaft “rocked’”’ by hand. This procedure was difficult 
and time-consuming. Clearance was not sufficient for our 
road and headland conditions, hence it was necessary to 
adjust the length of the compression rods when going to 
and from the field. The markers as attached increased the 
width of the machine considerably, making housing a prob- 
lem. The original front tractor wheel, which was con- 
structed with a V-shaped face, penetrated the ground too 
deeply and tended to open a furrow. This objection was 
eliminated by attaching 11/-in rims on both sides of the 
anti-skid ring, as shown in Fig. 1. The new tractors are no 
longer equipped with this type of wheel. 

In replacing the seeders with cultivator units, the seed- 
ing units and markers had to be removed and three culti- 
vating gangs, one of which is shown in Fig. 2, attached. 
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depth of cultivation to vary; furthermore, the flexibility of 
the gangs was not great enough to permit all cultivating 
tools to adjust themselves to the contour of the ground 
when passing over uneven places. For these reasons, the 
gage wheel attached to the gang (Fig. 2) was added in 
1934 for better control of cultivating depth. 

Considerable time and effort was required to install this 
equipment on the tractor and to change from the seeder to 
the cultivator. The time and skill required for changing 
from one tool to another are important items to be con- 
sidered when using a general-purpose tractor. This is par- 
ticularly important in market gardening where a wide 
variety of crops are grown and planting dates, not only of 
various crops but also of the same crops, vary widely. 
Several plantings of some vegetables are made at intervals 
of a few days in order to maintain a supply through the 
season. 

During the summer of 1934 a four-row vegetable seed- 
er and cultivator (Fig.3) was obtained, consisting of 
standard Planet Jr. vegetable seeding and cultivating equip- 
ment attached directly to the front gang bars of the 
McCormick-Deering ‘“Farmall’’ cultivator. This equipment 
has a number of advantages over the experimental machine 
first used. 

The seeder is readily set up by attaching the seecing units 
with their spacing frames (Fig. 4) to the front cultivator 


s to These gangs were tied together and braced to prevent their gang bars with four bolts. These units are extremely flexi- 
swinging sideways. Straight and ofiset standards, hoes, ble and conform well to ground irregularities. The wheel 
the sweeps, and cultivator teeth were provided to meet various ahead of the furrow opener on each unit drives the seed 
eas) fy ‘fequirements. agitator. Automatically operated seed shut-offs are pro- 
of &§ The first cultivation was made when the plants were vided and a latch allows the seed hoppers to be removed 
cul. [§ bout 1 in high, with the hoes set to cultivate about 214 in for emptying when changing seed. The marker is attached 
tate fm from either side of the row. It was not difficult to follow to the tractor drawbar and is operated from the seat by 
gar- the row as far as steering the tractor was concerned. It means of a chain. A cultivator tooth may be placed on each 
ves. (Was difficult for the operator to see the small plants, how- of the rear outside tool bars in order to eliminate and level 
ulti. ever, and occasional stops were necessary on this account. wheel tracks when seeding which is desirable in many cases. 
the jj During later cultivations, when the soil was packed by Ridging disks to follow each seeding unit are provided 
tor, ‘tains, steering became more difficult because small stones and may be used at will. They are very desirable for con- 
and jj inthe field were not pressed into the harder soil by the serving moisture over the seed, thus aiding germination 
g.1 [g _ ttactor wheels as easily as into the soft seedbed. Striking during a dry season. They also possess the advantage of 
was {g _ these with either the front or back wheels had a tendency leaving a ridge over the row which may be planked off 
ga fo turn the tractor. Another factor affecting steering was at the time the seed germinates. By this procedure, the first 
ring the variation in the draft from one side of the tractor to hand weeding is eliminated. 
the [m  the other; this was caused by uneven soil and by the differ- A 20-in row spacing is recommended for such vege- 
con- ent cultivating depths of the various gangs. tables as beets, carrots, etc., in order to make cultivation 
tof ff Experience during 1933 showed that controlling culti- easy and to leave the cultivator gangs set for cultivating two 
pos- vating depth by the adjustment of compression rods and 40-in or four 20-in rows when the seeders are removed. 
tool angles was not satisfactory. Different soil conditions The wide range of seeder and wheel width adjustments 
ii in the field caused wheel lug penetration and hence the provided makes it possible to plant in a number of row 
for 
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FIG, 3 (LEFT) CULTIVATING SPINACH WITH A FOUR-ROW VEGETABLE CULTIVATOR. 


i : FIG. 4 (RIGHT) THE FOUR-ROW VEGETABLE SEEDER 
tory § HOWING SEEDING UNITS READY TO BE ATTACHED TO THE LEFT TOOL BARS OF THE REGULAR TRACTOR CULTIVATOR. EACH SEEDING UNIT 
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widths, or combinations of row widths as four 18-in, four 
20-in, two 42-in, two 40-in, two 36-in, two 30-in, two sets 
of two 12-in rows with 22-in wheel spacings, or other com- 
binations. Extra seeding units also may be obtained which 
will further increase the number of row-width combina- 
tions. Adding one unit to each side enables planting two 
sets of three 10-in rows leaving 20-in spaces for the wheels. 
Many other variations are possible. 

The ease with which the vegetable seeder may be con- 
verted into a vegetable cultivator, or into a regular two-row 
cultivator for wide width row crops, and vice versa, is a 
decided improvement over the other experimental machine 
used in these studies. The seeder is quickly converted into 
a vegetable cultivator by removing the seeding units and 
slipping the master standards in place (Fig. 5). The float- 
ing action of the gangs is illustrated in this picture, which 
shows the cultivator set up with universal hoes and sweeps. 
Vegetable cultivator teeth also are provided. The depth of 
the tools attached to each master standard is controlled by 
moving the gage wheel up or down. The use of sweeps or 
cultivator teeth on the rear gangs, as recommended by the 
manufacturer, was found to be desirable for leveling the 
tracks of either the steel or rubber tires. 

The use of the shifting mechanism greatly reduced the 
effort required for following the row and permitted greater 
speed as compared with the — of the other experi- 
mental machine. Plant visibility is much improved with 
this machine because of the location of tools, type of tool 
bars, and elimination of various frame parts. No difficulties 
were noticed in guiding the tractor while cultivating. 

A plot of late spinach was planted in 18-in rows with 
this machine in order that the operation of both the seeder 
and the cultivator might be studied. Because of a wet fall, 
no study was made other than that with the spinach. Dur- 
ing these operations no definite differences were observed 
between the operation of either the seeder or cultivator 
when operated with either pneumatic or steel wheel equip- 
ment. One year’s limited operation of this equipment Nadi 
cated it to be superior to the other experimental machine. 
The quality of the work done met the high standards of 
the vegetable gardening foreman. 

Full advantage of the use of the one-plow tractor re- 
quires careful planning. Standardized row spacings would 
aid in the adaptation of the same seeding and cultivating 
equipment for use with various crops. The various spacing 
generally used may be largely the result of habit, rather 
than of investigation. Possibly, in the case of some vege- 
table crops, the gain in yield through employing extremely 


FIG.5 THE FOUR-ROW VEGETABLE CULTIVATOR, SHOWING THE 

LEFT MASTER STANDARDS EQUIPPED WITH HOES AND SWEEPS READY 

TO BE ATTACHED TO REGULAR TRACTOR CULTIVATOR TOOL BARS. 

THE DEPTH OF EACH GANG IS CONTROLLED BY SEPARATE GAGE 
WHEELS 


narrow rows may more than offset the advantages offered 
by standardized equipment. This is likely to be true where 
space is limited and possibly where spray irrigation is 
employed. If this is found to be the case, equipment must 
be designed to meet these situations. 


Vegetables are very often grown in marketable quanti- 
ties on farms that produce such crops as corn, potatoes, 
small grain, and hay in acreage exceeding that devoted to 
the vegetable crops. Crops utilizing the wide-row spacings, 
such as cabbage, tomatoes, and beans, are generally raised 
in acreages greatly exceeding that of the narrow-row width 
crops, such as —. radishes or table beets, found on 
the same farm. The amount of each crop grown on differ- 
ent farms varies from one extreme to another; accurate 
data concerning the average relative acreages are not avail- 
able. The general-purpose tractor already is equipped for 
seedbed fitting and the growing of green manuring crops, 
as well as for the production of general field crops and 
most of the wide row width vegetable crops. Its use with 
standard — therefore, meets many of the vegetable 
growers’ needs. The recent development of vegetable seed- 
ing and cultivating equipment for the one-plow general- 
purpose tractor should do much to make it an adequate 
tractor for the market gardener and truck farmer. 


Engineers, Take a Bow! 


HE HARMON FOUNDATION of New York City, 

engaged in the pleasant task of loaning money to 

deserving students, has come to some optimistic con- 
clusions, with a special bouquet for engineering students, 
are set forth in the 1932 report, from which the following 
excerpts are taken 

After ten years of experimental work in administra- 
tion of student loans, the Harmon Foundation is more 
convinced than ever of the value of using credit as a basic 
method of helping students to help themselves. 

During these years of trial work the Foundation has 
made approximately five thousand loans to young men and 
women in a large number of colleges spread all over the 
United States . . . . More than one million dollars have 
been involved in the loan transactions . It is esti- 
mated that losses will not be appreciably more than is cus- 


tomary in commercial transactions under normal conditions. 
Engineers and teachers have, thus far, had the best 
record (of repayment), the former showing by all odds 
the most punctual and clear-cut performance . . . 
In our system of higher education, as a whole, there 
has been a tendency to ignore the importance of personal 
economies. Attention has been to economics in the large. 


A Correction 


N THE PAPER, entitled ‘‘Paints and Finishes for Farm 
iT Structures,” by John W. Iliff, appearing on pages 424 
to 427, inclusive, in the December 1934 AGRICUL- 
TURAL ENGINEERING, through an oversight the cuts appeat- 
ing as Fig. 3 on page 426 and Fig.5 on page 427 were 
interchanged in the printing of this paper. 
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Methods of Fixation and Porosity Determina- 
tion in the Study of Soil Mechanics’ 


HE STUDY OF SOIL defor- 

mation caused by agricultural, 

road, and other implements 
very often is severely complicated, be- 
cause only the 3 surface part of 
the deformed soil accessible to direct 
survey can be measured. 

If, however, it is possible, in 
some cases, to establish the whole 
volume and even the total form of 
the deformation, then it is still equal- 
ly difficult to express this deforma- 


By N. F. Miscenko’ 


This paper will prove of great interest 
to agricultural engineers, as it sets forth 
the fundamental concept of the engineer- 
ing problems involved in soil tillage. 
This Committee has previously empha- 
sized the necessity of fundamental work 
of the nature contemplated by the 
methods of soil porosity determinations 
described in this paper. The paper is 
valuable not merely because of the 
method is describes, but also as an exam- 
ple of the scientifically exact methods of 
and careful attention paid to detail by 
contemporary agricultural engineers in 


The responsibility of studying 
the distribution of soil porosity in- 
dexes plays here a very significant 
role. 

In natural conditions the soil 
porosity is functionally dependent 
on several dynamic factors. Mois- 
ture and temperature fluctuations are 
reflected on it, however, forming 
various combinations among them- 
selves; these dynamic factors do not 


tion in figures corresponding to any 
degree of mellowing or condensation 
of separate sections of the deformed 
soil volume, or assisting in establish- 
ing the distribution of stress in the 
soil and the movement curves of the 
physical points during the work of 
the implement. 

In order to facilitate the accessibility for survey and 
study of the whole volume of soil deformation, there were 
undertaken at various times different measures for fixing 
this deformation, namely, by means of congealing the 
wetted soil, by transfusing it with molten metal, paraffin, 
special alloys, etc. Some of these methods either required 
very complicated conditions for their application, mainly 
in regard to treating the fixed samples, or else they were 
not thoroughly worked out by their authors, and therefore 
did not get broad practical application. 

_ The most complete and comparatively simple in applica- 

tion proved to be the method of Prof. M. C. Pigulevsky 
worked out in 1914°. During the last few years this method 
has become more and more popular, being largely applied 
in practice, especially in the USSR, and during the same 
period there have developed means of treating the fixed 
soil matter. 

The main point in the fixation process is the trans- 
fusion of the soil with fusible organic matter, which does 
not influence, either mechanically or chemically, the con- 
dition of the soil complex. These soil-transfusing organic 
matters coagulate in it at ordinary temperatures leaving 
in the initial relative disposition all soil particles, and 
consolidate the dry soil complex, so that afterwards it be- 
comes possible to subject it to any cold chiselling or polish- 
ing, without the risk of unsettling the relative disposition 
of the particles. This method makes it possible to take by a 
coordinator disposition of the material points on the pre- 
pared samples. It enables one to observe, on the polished 
soil profiles, the soil structure and the picture of its de- 
formation, also to select samples from any section of a 
layer for the study of porosity or other investigations. 


nation to the 


M. L. Nichols, A. 


_ ‘Paper prepared and translated expressly for the ASAE Com- 
mittee on Soil Preparation and Tillage, and submitted as a contri- 
bution of the Committee for first publication in AGRICULTURAL 
ENGINEERING. 

*Senior scientific specialist, laboratory of physics and mechanics, 
Institute of Agricultural Soil Science and Fertilizers, Lenin Academy 
of Agricultural Science of the USSR, Leningrad. 


*Pigulevsky, M. C. Method of soil fixation. [USSR] Bureau 
of Agricultural Mechanics. 1914. 
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the USSR, who are rapidly bringing that 

front in soil science.— 
ASAE Committee on Soil Preparation 
and Tillage: I. F. i 
W. Leland, 
Kough, O. W. Sjogren, J. 
A. J. Schwantes, and Thayer Cleaver. 


show a very large scale of porosity 
fluctuations within the bounds of a 
certain soil type, during a certain 
period of time, and in short inter- 
vals. The mechanical effect pro- 
duced on the soil by any implement, 
and in particular by agricultural soil- 
tilling machines, is the most active 
as well as the most rapid factor as regards porosity mod- 
ifications. Any mechanical effect, producing even an 
insignificant soil deformation, produces also a change in the 
soil porosity, and on the basis of am exact study of the 
latter, it becomes possible to examine the degree and char- 
acter of the deformation. 

Therefore, the work of soil tilling, rolling, mellowing, 
ramming, and, in general, all machines which represent 
soil deformators, can to a certain extent be estimated by 
means of repeated soil-porosity determinations; the units 
of this porosity differing from the units of the control 
samples are indexes of the deformation of the soil. Natur- 
ally, using the porosity index as index for the volume and 
character of the deformation of a soil layer, it would be 
rational to begin by applying the fixation method, which 
facilitates the survey of the whole deformation and admits 
the taking of samples for any deformed section, without 
interfering with the relative disposition of soil elements. 
However, as we shall see later on, such a soil fixation re- 
quires a preliminary drying. As to the influence of mois- 
ture, as well as the temperature, as I have already stated 
above, it may to a certain extent reflect on the porosity of 
the soil substance; therefore, in studying the influence of 
soil-operating implements on soil pe we find that 
there are already several factors, all of which have influ- 
enced the porosity index adopted by us. Proceeding from 
the point that, as a result of the total change of the volume 
of the whole soil sample, which had been subjected to 
fixation, the distribution of pores and of hard matter of the 
soil remains similar to its initial condition. 

Thus reduc’1g for fixation the samples to equal mois- 
ture and equal temperature, we obtain the possibility of 
comparing deformations obtained with soil placed im 
different conditions (moisture, etc.) and with different 
deformators. 

Admitting this, it becomes possible to find out the 
porosity according to the fixed samples by determining the 
total sample volume and the volume of hard soil matter 
contained in the sample. The latter is obtained as a result 
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of withdrawing from the soil those substances by means of 
which it was fixed. 

The first method of soil porosity determination by fixed 
samples was worked out by M. C. Pigulevsky and E. F. 
Zeberg*. However, certain defects of this method induced 
us to give it up and to work out a new method, which was 
proposed by myself in 1931°-°. The new method was fur- 
ther developed and is now adopted in work connected with 
soil fixation. 

In the foregoing I discussed the possibility of applying 
these methods to the study of soil deformations as indexes 
of the quality of work of implements in the field, but it is 
absolutely necessary to emphasize that the use of these 
methods in the laboratory is of very great importance. Here 
these methods are important for investigating the mechan- 
ical properties of various bulk materials deformed by any 
devices, as well as for studying the process of work of the 
implement. If there is a suitable trench, which we can fill 
with synthetic soil, sand, or gravel, and if we have at our 
disposal a dynamometric truck and a set of various soil 
deformers, we should be able, by fixing separate moments 
of deformation, to study and to establish the regular de- 
formation phenomena produced by any complete working 
part of the implement, or by one separate element of it only. 

As a result of such investigations, we should be able to 
start with more confidence the construction of such imple- 
ments which appear most rational, in accordance with their 


destination, for any given soil type, or for any given branch 
of agriculture. 


THE FIXATION OF SOIL ACCORDING TO THE 
METHOD OF M. C. PIGULEVSKY 


Methods of Preparation of Soil-Beds for Investigation 
of Deformations. In the process of studying the soil de- 
formation by means of its fixation, it happens sometimes 
that a very prominent place in this work is occupied by the 
necessary preparation of the soil to be influenced by one or 
the other deformer. Therefore, we must give a short de- 
scription of the preparation of the so-called soil-beds. 

In natural conditions in the field, when the implement’s 
work is studied with the real machines instead of models, 
usually a suitable soil plot is selected, on which, if in the 
process of work it proves insufficient to restrict oneself to 
fixation with a further determination of the porosity of the 
natural soil layers before and after the implements have 
passed through the soil, special soil-beds are made on the 
way of the machine’s travel in order to investigate more 
closely the character of the deformation. 

For making the bed, usually the same soil material is 
taken on which the machine is working. In order, how- 
ever, to have a more distinct marking for the displacement 
direction in the deformation, this material is preliminarily 
dyed with different colors and is introduced into the soil in 
the form of layers, columns, or in any other form, depend- 
ing on the construction of the deforming implement part 
and of any particular wish to follow up the direction of 
displacement of the material. 

The bed is usually arranged in a special hollow of 
necessary dimensions dug in the soil and rammed or rolled 
up to a thickness equal to the thickness of the natural soil 


“*Pigulevsky, M. C. and E. F. Zeberg. Porosity and specific gra- 
vity of soil. [USSR.} Annals of the Institute of Experimental 
Agronomy. 1926. 


*Miscenko, N. F. Methods of soil-porosity determination as 
indexes or work-rates of soil-operating machines and implements. 
All Union Institute for the Mechanization of Agriculture. 1931. 
Leningrad. ; 


*Miscenko, N. F. “Die Porositat des Bodens, als Bewertungs- 
exponent der Arbeit von Bodeneinwirkungsmaschinen.” Boden- 
kundliche Forschungen. Berlin Vo. III (1932), No. 1. 
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layer. The surface of such a bed must also coincide with 
the surface of the natural soil layer. 

After the passage of the implement’s wo.king part 
through such a bed, it may be removed with a special mold. 
box, fixed, and then prepared or cut into planes and studied 
as to deformation. 

Such beds are especially useful in laboratory conditions, 
in a trench, when to study the regular phenomena of so) 
deformations we use a more homogeneous medium than the 
soil in its natural condition. In such cases, along with dyed 
layers, columns, etc., there also may be used small multi- 
colored balls which are disposed in the soil bed in the form 
of bars at a certain distance one from the other. After the 
deforming and the fixation of the bed, the final position of 
the little balls is measured with a coordinator and com. 
pared with the initial position; and in this way the move. 
ment curves of the various material points are established, 
which are dependent on the direction of the forces partici- 
pating in the deformation. 

Taking of Soil Samples and Their Fixation. For effect- 
ing the fixation of soil in its given mechanical condition, 
we must first choose the particular soil sample, in which 
we may be interested, by means of a special device. This 
device represents an iron mold-box with a removable bot- 
tom and sides which are sharpened downwards (Fig.1). 
This arrangement makes it possible to easily introduce the 
box into the soil to any necessary depth. After having suff 
ciently entered the box into the soil, the latter is dug away 
under the box, and the bottom of the box is cleaned with a 
knife, after which the bottom is placed under the box and 
screwed on to its sides. Sometimes, when arranging the bed, 
the iron bottom is at once placed on the base of it, and then 
the box is put down on it. 

The smallest dimensions for these boxes are 120x200x 
240 mm, the thickness of the sides being from 1.5 to 2 mm. 
However, the size of the boxes may be increased to any 
dimensions necessary, depending on what volume of soil 
is to be taken out at a time. Other soil-taking devices, 
especially in the form of augers, are not suitable for this 
purpose, because their work causes additional deformations 
in the soil, and it is very difficult, if not altogether impos- 
sible to figure them out afterwards. 

In the above-mentioned box the soil is dried at 105 


FIG. 1 FORM FOR TAKING AND FIXING SOIL SAMPLES, DEVISED BY 
M. C. PIGULEVSKY 
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FIG. 3 FIXATION OF SOIL IN FIELD CONDITIONS: A, FREEING OF 
THE BATH BY USING BLOWPIPES; B, KETTLE FOR MELTING THE 
FIXATION MASS 

t 


degC in a special room provided for this purpose, and 
then in the warmed condition it is placed, together with 
the box, in an open tin bath which is to be filled with the 
fixation mass. Simultaneously in another bath or kettle the 
fixation mass is melted, consisting mostly of three parts of 
paraffin and one part of naphthaline (weighted)". Then the 
molten fixation mass is gradually, by portions, poured into 
the bath so that, penetrating into the clearances between 
the bottom and sides of the box, it mounts by the soil capil- 
laries and fills up the pores (Fig. 2). As the soil absorbs 
the fixation mass, the latter is added until it covers the soil 
surface with a surplus of 2 to 7.cm above the soil level 
(Fig. 2, as indicated by arrow). After the described proce- 
dure, the fixed soil is left in repose for cooling. In order 
to lift the fixed soil monolith from the box, after cooling, 
it is first necessary to free it from the tin bath. To do this 
the bottom and sides of the bath are warmed by means of 
a blowpipe, and then it can be easily removed from the 
hardened fixation mass containing the box filled with soil 
(Fig. 3). Then having cleaned the outer sides of the box 
from the surplus fixation mass, and removed the bottom, 
one can just in the same manner as described before, by 
warming the sides of the box, press out the fixed soil 
monolith. 

Working Out of Samples and Making Polished Soil 
Profiles. After the fixation mass has hardened, and, to- 
gether with it, the whole fixed soil sample is converted into 


"For this purpose Prof. M. C. Pigulevsky has proposed several 
preparations of fixation mass, but they are very seldom used in 
practice, and therefore they will not be enlarged on here. 


FIG.2 SOIL FIXATION. THE PROCESS OF FILLING IN THE MOLTEN 
FIXATION MASS 
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FIG.4 CUTTING OF THE FIXED SAMPLE WITH SAWS AND PLANING 
THE SURFACE OF THE SAMPLE’S CUT 


a solid monolith, it acquires all the necessary properties 
allowing to carry out its preparation by means of chisels 
and other chiselling instruments, also to cut it with saws 
to any planes desirable and to make polished soil profiles, 
cleaning the surface of the cut with a plane (Fig. 4) and 
giving it an additional polishing with a file, amply wetting 
the polished surface during the process. 

In the first case, accomplishing a thorough preparation, 
the figure of the deformation volume can be revealed, and 
samples of porosity can be chosen in spots interesting the 
investigator. When the direction of the movement of the 
material points has been established, the sample is placed 
into a coordinator (Fig. 5) and is prepared by layers, with 
simultaneous measuring of the position of the correspon- 
dent points, in the form of colored little balls or layers. 


In the second case, when preparing the polished soil 
profiles, the deformation picture can be observed only in 
the plane of some definite section (Fig. 6), and by follow- 
ing up the course of its expansion, or else dividing the 
whole polished soil profile into a netting, any number of 
samples may be selected out of any spot in order to deter- 
mine the respective porosity. In this case it is necessary to 
exclude from the investigation the soil layer of a certain 
thickness which is close to the sides of the mold-box and 
has been additionally deformed during the sample-taking 
process. 


It stands to reason that the given examples of treating 
fixed soil samples do not exhaust all the possible ways and 
means for their study. Here are shown only the principal 
methods, which are inevitably accompanied by different 
variations, also by other secondary methods assisting in a 
thorough study of the soil, as a material worked with 
implements,—the soil-tilling instrument itself,—and_ the 
results of their interaction. 


METHOD OF PorosiTy DETERMINATION BY 
MEANS OF FIXED SAMPLES 
The porosity determination is generally confined to two 
volume determinations: the soil sample volume, together 
with the pores, and the volume of the hard matter of the 
sample without pores. Subtracting the second volume from 
the first, we obtain the pore volume. This volume, shown 
in per cent, will represent the porosity of the given sample. 


V:i—V: 
M = ——— 100 
V: 


where M is the soil porosity in per cent of the total volume 
(soil sample together with pores), V: is the volume of the 
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FIG. 5 COORDINATOR FOR MEASURING THE POSITION OF THE MA- 
TERIAL POINTS IN FIXED SAMPLES, DEVISED BY M. C. PIGULEVSKY: 
A, WOODEN FRAME; C,C; DIRECTING AND SUPPORTING PRISMS OF 
THE SUPPORT; M, BRIDGE OF THE SUPPORT; Z, ROD WITH DIVI- 
SIONS; T, SLIDE-BLOCK OF THE ROD; X,Y, SCALE BATTENS WITH 
DIVISIONS; B,B, CLAMPS; O,O, HOLES FOR REMOVING THE FRAG- 
MENTS OF SAMPLES INTO THE DRAWER OF THE DESK 


sample together with the pores, and V: is the hard matter 
volume without pores. 

In view of the fact that in finding these volumes one 
must operate with fixed-soil samples, the process of porosity 
determination is confined to three main and _ successive 
operations: 


1 Determination of the fixed sample’s volume 
2 Extraction of the fixation mass from the sample 


3 Determination of the volume of the sample freed 
from the fixation mass. 


In this method a most important place in the three 
operations is occupied by the Pe ys of removing the bind- 
ing fixation mass from the fixed sample. It is important, 
therefore, either to select a suitable solvent for this mass, 
dissolving and completely removing it from the soil sample 
without dissolving the constituents of the soil, or to use 
other reagents unable to dissolve the fixation mass, but in 
one way or another freeing it from the hard soil particles. 

It proved possible to use both methods, and therefore at 
the present time in the practice of research work connected 
with soil fixation, there have been adopted two alternatives 
which were found to be the most rational. 

First Alternative. Several solvents for the fixation mass 
were found: benzine, benzole, ligroin, petrol, etc., but the 
most suitable ones are pure benzines with specific gravity 
of 0.700 to 0.714, the temperature being 15 deg C and the 
boiling point 70 to 90 deg C. 
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These properties of the benzines are very important in 
so far as they allow the boiling of the same without takin 
any particular precautions; they also allow operating with 
soils having a small specific gravity and a large quantity 
of undecomposed vegetable particles, which for the sake 
of correct determination of the soil-sample volume must 
remain covered with fluid. 

In view of the fact that for a complete withdrawal of 
the fixation mass from the fixed sample, it is necessary to 
boil the mass in benzine for 10 to 15 min and then wash 
it with warm benzine three to four times, controlling tests 
were made as to the dissolving action of benzine on pure 
soil. For this purpose dry weighed samples of different 
soils were boiled in benzine, and up to the moment of 
cessation of the dissolution the loss in weight by these soils 
was controlled every 10 min during the boiling process. 

As a result of this, control curves were obtained (Fig. 7) 
which clearly proved the practical possibility of using ben- 
zine as a solvent for the fixation mass of soil samples. 

Otherwise, as solvent for the fixation mass of soil and 
in its quality as liquid in which the volume of the hard 
soil matter is determined, benzine was also subjected to 
close investigation and proved to be entirely fit for prac- 
tical purposes. 

To make convenient the necessary operations and to 
prevent possible losses of soil due to placing and replacing 
the soil into various measuring and drying vessels, I have 
been using special glass and metal extractors-picnometers 

(Fig. 8), in which all the operations with the soil are per- 
formed up to the final determination of its porosity. 

In the construction of glass and metal apparatus one 
general principle has been adhered to, and the difference 
of their material is only to supply the necessary durability 
and convenience in working with small and large volumes 
of soil samples. 

Usually when operating with soil samples up to 100 to 
150 cucm, glass apparatus are used, whereas operations 
with samples of larger volume require metal ones. 

Every such apparatus consists of three parts: (1) Retort 


FIG.6 POLISHED SOIL PROFILE. ON THE LEFT IS A DEFORMATION 
CAUSED BY ONE OF THE LUGS OF A TRACTOR 
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or glass containing the soil sample, (2) lid with a measure- 
ment pipe on which a line is drawn showing the capacity 
of the apparatus, and (3) ground-in stopper. 

For a simultaneous mass determination of soil porosity 
such apparatus may be used in any quantity necessary. 

The Course of the Work. Before starting work the 
weight of the empty apparatus, g, is determined, then the 
weight of those filled with benzine up to the mark of the 
measurement pipe, Q:, observing in doing so the temper- 
ature of the benzine. At the same time the specific gravity 
of the benzine, d+, is determined, keeping the same temper- 
ature and, by means of a hydrometer or just the same pic- 
nometers, knowing their capacity and the weight of the 
benzine. 

To get faultless indexes it is necessary to carry out all 
them. remerts at a uniform temperature of the benzine, 
or to work out a scale for making corrections to the specific 


gtavity of the benzine which is dependent on change in 
temperature. 


Having performed the enumerated preparations, a soil 
sample is cut out of the fixed monolith, which, depending 
on the quality of the fixation, is very often subjected to 


additional treatment before determining its volume in 
benzine. 


As the soil sample is not always fixed well enough to 
absolutely close its smallest pores, and as in those which 
remain open close to the surface, benzine could suck in, the 
following preventing operation is carried out. Every soil 
sample is sunk for one to two seconds into a melted fixation 
mass, and during the time its envelope is not yet completely 
hardened the mass is carefully rubbed into the surface of 
the sample. After this, any surplus of fixation mass is taken 


off the sample's surface, and in this way the pore outlets 
remain closed. 


_ Prepared as described above, the sample is introduced 
into an empty retort (or glass) of the picnometer, the lid 
and stopper are put in place, and then the picnometer’s 
weight is determined, together with the fixed sample, ¢:. 
The weight of the fixed sample is determined according 
to the difference, p = gi: — q, after which the picnometer 
1s quickly filled with benzine up to the mark of the measure- 
ment pipe, and the weight, Pt, i.e., weight of the picnometer 


together with the fixed sample and benzine, is then deter- 
mined. 


Having obtained these data, it is possible to determine 
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FIG. 7 (LEFT) CURVES SHOWING LOSS OF WEIGHT OF SOILS WHEN BOILING THEM IN BENZINE. FIG. 8 (RIGHT) EXTRACTOR-PICNOMETER 
FOR DETERMINATION OF POROSITY AND SPECIFIC GRAVITY OF SOILS ACCORDING TC #IXED SAMPLES, DEVISED BY N. F. MISCENKO. 1. GLASS 
PICNOMETER: A, MEASUREMENT PIPE; B, RETORT. 2. METAL PICNOMETER: A, MEASUREMENT PIPE; B, LID; C, GLAss; D, CLAMP BOLT; 
E, EMPTYING COCK 


the fixed volume of the sample, V:, which is equivalent to 
the volume of the hard soil, together with pores. 


Q: — (P\—p) 
V: = 
dt 


Having finished with the fixed volume of the sample, 
without removing it from the picnometer, it is possible to 
start extracting the fixation mass from the sample, in order 
to determine the hard soil matter volume, without pores. 
Therefore, it is necessary to take off the measurement pipe 
(lid) of the picnometer, to pour off a part of the benzine, 
leaving its level only a little higher than the surface of the 
sample; and, in this condition, the picnometer retort (glass) 
is placed on an electric heater. Stirring the samples from 
time to time with a glass stick, the benzine is allowed to 
boil ten to fifteen minutes, when the samples are taken off. 
They are allowed to defecate, the solution surplus is carefully 
poured off, and the sample is again covered with benzine, but 
pure and warmed up to the temperature of 50 to 60 deg C. 
In this benzine the sample is shaken, then again allowed to 
defecate, till the solution becomes thoroughly clear. This pro- 
cedure is repeated three to four times until the fixation mass 
is entirely withdrawn. This is determined by placing a 
drop of this solution on a clean little glass slab. Should the 
solution contain even insignificant traces of paraffin, the 
glass slab will show a dull stain or ringlet. 

Completely defixed soil samples are left in the pic- 
nometer retorts (glasses), and in this condition are placed 
in an oven for drying at a temperature of 102 to 105 deg C. 

After the samples are dried and cooled in a dessi- 
cator, their weight is determined out of the difference 
p: = q: — q, where g: is the total weight of the picnometer 
together with the soil sample, and q is the weight of the 
empty picnometer. After weighing, the defixed sample is 
covered with benzine and boiled on an electric heater for 
five to ten minutes, to remove the adsorbed air. 

Then the picnometer is filled with benzine up to the 
mark on the measurement pipe and weighed to determine 
the weight P:' of the picnometer, together with benzine and 
the defixed soil. 


Further the volume, V:, of the defixed soil is calculated 
as follows: 


Qs — (P'— p) 
dt 


Vz: = 


a 
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8 Weight of picnometer with 
defixed sample, 
qe 


4 Weight of picnometer with 
Pad y sample, 


q 


2 Weight of picnometer with 
benzine, 


2 


5 Weight of fixed sample, 


9 Weight of defixed sample, 
Pe? ae?e 


A= 4-4 


6 Weight of eRe er with 
fixed sample and benzine, 


La 


3 Specific gravity of benzine, 
4, 


7 Volume of fixed sample, 
— &— P=?) 


s 
4, 


11 Volume of defixed sample, 
ao Q.— (P.'— pi) 


2 
4 


12 Soil porosity in per cent, 


2 
100 


M= 


SCHEDULE 1. FOR CARRYING OUT THE WORK OF POROSITY DE- 

TERMINATIONS ACCORDING TO THE FIRST ALTERNATIVE (THE NUM- 

BERS AND ARROWS SHOW THE ORDER IN WHICH THE INDIVIDUAL 
OPERATIONS ARE TO PROCEED) 


Having obtained the fixed soil volume, V:, and the de- 
fixed one, V2, it is possible to obtain the final figure of soil 
porosity in per cent of the total volume of the soil sample, 
together with pores, realizing thus the previous formula 

V: — V2 
M = ———— 100 
V; 

To make convenient the practical application of this 
method, a schedule (Schedule 1) is given showing the con- 
secutive operations. 

Second Alternative. The second alternative provides 
for the possibility of determining the soil porosity in the 
absence of special picnometers and of a sufficient supply of 
benzine. The use of this method is more rational for the 
determination of large samples than for small ones. 

The withdrawal of the fixation mass from the sample 
is effected here by means of water, and the work is car- 
ried out in the following manner: The selected fixed 
sample, having bee. dressed as in the first alternative, is 
weighed in the air, then with the aid of a hydrostatic bal- 
ance, whicn can be obtained by adapting a special platform 
(Fig. 9) to any technical balance, the above stated fixed 
sample is weighed in water, and after this its first volume, 
V;, is determined, together with the pores. 

oie 
a 


y 
where P is the weight in the air of the fixed sample, p is 
the weight of the sample in water, and y, is the specific 
gtavity of water at the temperature of the determination 
process’. 

Subsequently the sample is defixed. For this purpose 


FIG.9 WEIGHING OF THE FIXED SAMPLE IN WATER ON A PER- 
FORATED PLATFORM OF THE HYDROSTATIC BALANCE 
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SCHEDULE 2. FOR CARRYING OUT THE WORK OF POROSITY DE- 

TERMINATIONS ACCORDING TO THE SECOND ALTERNATIVE (THE 

NUMBERS AND ARROWS SHOW THE ORDER IN WHICH THE INDI- 
VIDUAL OPERATIONS ARE TO PROCEED) 


it is sunk into a glass or a porcelain cup and the water is 
poured in, just enough to cover the surface of the sample. 

In this condition the glass is placed on an electric heater 
(or any other source of heat), and the water in the glass is 
brought up to boiling. The fixation mass in melting easily 
separates from the soil and floats on the water surface form- 
ing a layer on it. This layer may contain a certain quan- 
tity of light soil particles; their small weight and the elas- 
ticity of the water steam during the heating process contri- 
buting to it. These soil particles are ‘en eliminated from 
the fixation mass by means of a subsequent supplementary 
procedure. After the water has boiled up, the glass is taken 
off, a piece of wire with turned up ends is sunk into it, and 
then the glass is put in some quiet place for cooling (see 
Fig. 10,A). After cooling the hardened fixation mass, 
having adopted the form of a stopper, is easily removed 
out of the glass by means of the wire (see Fig. 10,B). 

The fixation stopper is left for a certain time to dry in 
natural conditions, or is carefully wiped with filtration 
paper. 

For complete removal of soil particles and vegetative 
remains found in the hardened fixation mass, it i: ~-cessary 


to melt the latter once more in a porcelain cup (Fig. 10,C), 


and then to pour it off carefully, to wash the remaining soil 
with warm benzine and place it again into the glass with 
the soil sample’. 

This finishes the procedure of withdrawing the fixation 
mass from the fixed sample. 

The surplus of water (or benzine) is evaporated and 
the soil sample is dried in an oven up to its steady 
weight, p:. 

Afterwards the dried sample is transferred into the 
measurement retort, the weight of which together with the 
benzine, Q:, has been determined beforehand. This retort, 
after withdrawing from the soil the adsorbed air, is again 
filled with benzine up to the mark and is weighed for 
determination of the weight, Pt, of the retort with sample 
and benzine. Then the volume of the defixed sample, V:, 
without pores is determined. 


Qs — (Php) 
dt 


V: 


“As the specific gravity of water varies but insignificantly, it 1s 
possible for coarse determinations to take it for a unit. 

*Sometimes the fixation mass in melting does not form an entire 
layer on the water surface, and a part of it accumulates in the water 
in form of small balls. In such a case it is necessary to collect it 
carefully into a cup, to evaporate the water, and then wash the 
remains with benzine. Quicker and better results can be obtained 
by applying in this alternative benzine, instead of water for dissolv- 
ing and removing the fixation mass. 
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FIG. 10. PROCESS OF DEFIXING THE SOIL SAMPLE BY MEANS OF 
WATER: A, HARDENED LAYER OF THE FIXATION MASS FLOATING ON 
THE SURFACE OF THE WATER, B, DRYING OF THE FIXATION MASS 
EXTRACTED FROM THE GLASS ; C, REPEATED MELTING OF THE FIXA- 
TION MASS IN ORDER TO ENTIRELY REMOVE THE SOIL PARTICLES 


where dt is the specific gravity of benzine reduced to the 
same temperature at which Q+ and P+ were determined. 

Having obtained the volumes V: and V:, the soil porosi- 
ty can be calculated in per cent. 


Vi—D: 


Vs 


Schedule 2 shows how the various procedures of this 
alternative are carried. 

Here as also in the first alternative, using the indexes 
of volume and weight of the defixed sample, one can simul- 
taneously determine the _ gravity of the soil sample 
skeleton and of its hard phase according to the usual 
formulas 


100 


=-—_— and D = — 


Prospects for Applying 
Other Methods for the De- 
termination of Soil Porosi- 
ty. When it is necessary to 
give a characterization of 
the soil condition before 
and after the implement’s 
work on it, it is not always 
rational to perform the soil 
fixation and incur the ex- 
penses for adequate equip- 
ment. 


Usually, without recur- 
ring to soil fixation, the 
soil porosity and some of 
the other physical proper- 
ties of the soil are deter- 
mined by using soil sam- 
ples taken by special soil 
augers. Various authors have proposed a great number of 
augers of different construction, but none of them can be 
considered as satisfactory at the present time. 

The newest augers are constructed according to one 
general principle which consists in cutting out a soil column 
and introducing it, by sinking the auger, into a case con- 
tained in the hollow of the auger. The cut out soil column 
is often incorrectly considered as undeformed by the auger 
and corresponding in volume to the capacity of the case 
in the auger’s hollow. M. C. Pigulevsky’s experiments with 
wedges, and mine with augers, show that every auger, as 
well as any other solid matter introduced into the soil, pro- 
duces a corresponding deformation in it under the influence 
of the exterior force. The most common case of evident 
sand deformation produced by the cylinder of an auger 
which was inserted without rotation, is shown on Fig. 11. 
In this case the difference between the average porosity 


FIG. 11 DEFORMATION OF SAND 
EFFECTED BY A CYLINDRICAL SOIL 
AUGER 
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indexes of the sand found in the auget’s cavity and sand 
untouch:d by it attains 8.17 per cent, the porosity of the 
latter being 41.75 per cent, and of sand inside the auger, 
33.58 per cent. For homogenous fine, capillary-wetted soil 
these figures are, respectively, 13.35, 55.29, and 41.94 
per cent. 

The degree of deformation can be different; it depends 
on many factors: soil friability, its moistness, the hete- 
rogeneousness of its composition, etc. Therefore, cases may 
occur, especially when using a small auger, that the taken 
sample appears to be completely deformed, and the porosity 
index obtained in this way will be far from corresponding 
to the true initial index. Especially important is the fact 
that, with such a method for determination of the physical 
properties of soil, it is not possible to take into account the 
degree of influence effected on them by the deformation 
caused by the action of the auger. 

These considerations have induced me to propose and 
develop a new method which eliminates the use of augers 
and the necessity of soil fixation, but allows operating with 
natural samples coated only with paraffin (Fig. 12). 

This method has been under investigation since 1932, 
and this control, as well as its application in some experi- 
mental work connected with the study of the working 
processes of implements, showed that this method results 
in a more exact determination of soil porosity than the 
work with augers. 

Simultaneously with porosity determination, using the 
same samples, it is possible to determine also other physical 
soil properties: its moistness, moisture capacity, specific 
gravity, etc. 

It is particularly significant that this method can with 
equal success be applied on mellow or dense soils, for it 
proved to be possible to coat with paraffin both a dense 
sample of any form and a mellow one producing a cone 
whose forming sides are remaining at a natural slope angle. 

The results obtained in applying this method” give us 
the hope that, together with others, this new method will 
also prove useful as an auxiliary in the study of soil de- 
formations and in the estimation of the working processes 
of soil-tilling implements. 


_ “The material for a detailed description of this method is now 
in preparation for publication. 


Engineering Ethics 


EARLY all engineers have become experts through training 
N in colleges or universities supported by public funds, or 

endowed for public benefit. Many—and this is particularly 
true of agricultural engineers—have seasoned their judgment by 
experience in public employment. Clearly they have an underlying 
debt to society, a firm obligation to raise their voices in defense 
of the general public welfare. 

At times this may seem to clash with the engineer's traditional 
loyalty to his immediate employer, especially in public projects 
with involved public impacts and perhaps political entanglements. 
In such case the burden of criticism: is properly taken over by 
colleagues not so silenced. Among the intangible services per- 
formed by a professional society is the fraternizing, at meetings 
and otherwise, whereby engineers exchange data and opinion, from 
which may come sound criticism. , 


FIG. 12 SOIL SAMPLES TAKEN IN MELLOW SOIL AFTER WORK OF 
THE IMPLEMENT AND COATED WITH PARAFFIN TO DETERMINE THE 
POROSITY 
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“Effects of the Diameter on the Performance of Tractor Drivewheels”’ 


By O. E. Eggen’® 


engines in use today, and probably the first thing we 

notice about them is the enormous size of the drive- 
wheels. Theirs lugs, if you may call them that, were hardly 
more than a washboard effect on the rim of the wheel. 
However, if we should start comparing these old tractors 
with the ones of today, we might arrive at a few funda- 
mental ideas and reasons for changes. The old type tractor, 
with its large wheel, had an enormous weight to be sup- 
ported by that wheel, whereas the tractor of today, with its 
‘comparatively small wheel, is also relatively light in weight. 
The two tractors are still alike in one respect; the light- 
weight tractor of today develops approximately as much 
power as the old heavy ones. Approximately the same 
power must be transmitted to the ground in both machines. 
The old machine, with its great weight, got its foothold 
largely by the friction made possible by its weight resting 
on a wheel with a relatively large area of contact with the 
ground. The modern tractor must have some other method 
of applying its power to the ground, for the amount of 
friction possible with the small wheels and light weight 
is not very great. 

At about the time the transition was being made from 
the heavy traction engine to the light tractor, there was 
some work done with a walking tractor, which used wheels 
for the pe. ea but had legs actuated by two crankshafts 
to serve as driving members. This was probably an attempt 
to imitate the action of a horse when pulling a load, for 
the horse’s hoof is probably the most efficient traction mem- 
ber that we have, even in this scientific era. Whatever the 
degree of success or failure of the attempt, it was an ad- 
mission that the old method of applying the power to the 
ground was no longer satisfactory. Gradually changes 
were made until we have the present day lug, which is 
designed to take advantage of the soil characteristic or 
characteristics which offer the greatest resistance. On soils 
with high shear values, we have lugs which tend to take 
most advantage of this characteristic; or on a sandy soil 
with lower shear value, we use a lug designed to produce 
both shear and compression. Up until the last few years 
the old and new tractors were alike in another respect, in 
that they were both designed to fulfill the same purpose. 
The work of both machines was on fairly firm soil, either 
unbroken land or after harvest when the land had had the 
compacting effects of the natural elements. This is possi- 
bly one reason why the wheel size was reduced with the 
weight; on the same firm soil it was not necessary to 
have the large area of contact with the ground in order to 
adequately support the reduced weight. 

In the last few years, however, the tendency has been 
toward a general-purpose type of tractor, one which will 
plant or cultivate on freshly tilled land as well as plow or 
pull a thresher over firm soils. With its added uses this 
new type of tractor has more rigid requirements to fulfill. 

We might say that its first requirement is that it work 
satisfactorily on loose soil. Also it must have high clearance 
for working straddle of row crops, but at the same time 


[exer ARE STILL a few of the old-time traction 


1A discussion of the paper of the same title by E. G. McKibben 
appearing on page 419 of the December number of AGRICULTURAL 
ENGINEERING (vol. 15, no. 12), and presented a‘ > meeting of the 
Power and Machinery Division of the American Society of Agri- 
cultural Engineers at Chicago, December 3 and 4, 1934. 


2Chief engineer, tractor division, Oliver Farm Equipment Co. 
Mem. ASAE. 


must have stability; it must not pack the surface of the 
soil, but yet must support the weight of the tractor; it 
must not be affected too much by irregularities of the sur. 
face for it has to carry implements which must work at 
uniform depths, but it must not have such a long wheel. 
base that it is difficult to maneuver; it must be comfortable 
for the operator who has to ride it ten or twelve hours a 
day, and it must, in our opinion at least, have a neat appear- 
ance. Wheel diameter will affect, in one way or another, 
every one of these requirements. 

Mr. McKibben has shown in his paper some very inter- 
esting results, supplemented with actual test data of the 
field performance of different diameter wheels. In nearly 
every instance the field performance improved as the diam. 
eter of the wheel was increased. This was especially notice. 
able on plowed ground, with only a slight advantage on 
sod or hard ground. 

The general-purpose type of tractor in particular neces- 
sitates the proper kind, type, and diameter of drivewheels, 
if the machine is to function well in all the farm operations 
which it is called upon to perform. 

The drivewheel of any tractor has two functions to 
perform: It must support the weight of the tractor, and it 
must supply a means of transmitting the power to the 
ground. 

Since this newer type tractor must work on soft ground 
and must do this without undue packing of the soil, we 
must have a greater supporting area, in proportion to its 
weight, than was necessary on the old type tractors. This 
can be obtained in two ways—either by increasing the 
width of the wheel rim or by increasing the diameter of 
the wheel to get a greater length of rim in contact with 
the soil. However, we are limited in width because the 
machine must work between rows of more or less bushy 
crops. By increasing the diameter we decrease the depth 
to which the wheel sinks into the soil and decrease the 
steepness of the imaginary hill which the tractor is climbing 
when rolling over soft ground. Therefore, when the dia- 
meter is made greater, the rolling resistance of the wheel 
is decreased in addition to increasing the supporting pow- 
er; thus we have a more efficient wheel. 

The wheels of the general-purpose tractor must also 
supply traction and do this without packing the soil. The 
resistance to shear of the loose soil is very low, so the 
desirable type of lug, from the standpoint of traction only, 
would be one making use of shear and compression both, 
but this compression or packing action is something we 
do not want on the loose soil. If we are to depend on 
shear only, then the only way to increase the traction is 
to increase the shearing area, and, since the width of the 
wheel is limited, it seems that the logical way to do this 
is to get more lugs in contact with the soil without re- 
ducing the spacing between them. Here again the large 
diameter wheel seems to be the best answer to the problem. 

A possible safety factor for traction on exceedingly 
loose soil might be to provide lug equipment which would 
penetrate down to the more firm soil, which is seldom more 
than 5 or 6in below the surface. To do this on the con- 
ventional type wheel would require lugs 8 to 10 in long, 
which length would not be necessary except in the most 
extreme cases. The open type of skeleton wheel is an at- 
tempt to gain this advantage without going to an extreme 
length of lug. The skeleton wheel also insures against 
packing as there is no rim resting on the surface, the 
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resistance to penetration by the lugs being the support 
for the weight. 

The effect of irregularities of the surface causing un- 
even travel of the machine was mentioned in the require- 
ments of this type tractor. A small wheel tends to follow 
all the irregularities of the surface, while the wheel of 
larger diameter tends to smooth them out. If you have 
ever tried to ride an old-fashioned bicycle with the large 
front wheel and a very small rear wheel, you have had this 
demonstrated very effectively. The front wheel seems to 
glide along very smoothly, but the rear wheel, even though 
it is following the same track is bouncing up and down 
continually. 

Of course, any factor tending to smooth up the travel 
of the tractor adds to the comfort of the operator. 


When the tractor is rolling on hard ground, we might 
compare the wheels to regular polygons with as many 
sides as the wheels have lugs. If we maintain the most 
efficient spacing on the lugs, then the number of lugs on 
any size wheel is going to be directly proportional to the 
diameter of the wheel. It is not hard to visualize which of 
two polygons, one with 12 points and one with 18 or 20 
points, would have the more smooth action. In this way 
it would seem that the larger wheel would add to the 
comfort of the operator. 

There are, of course, disadvantages as well as advan- 
tages with the larger wheel, but it appears probable that 
the large drivewheel most nearly fulfills the requirements 
of the general-purpose type of tractor. 


Beyond Our Boundaries 
An Editorial by Walter B. Jones 


HOLLY APART from any opinions we may 

have regarding political, social, and economic 

practices prevailing in that country, the studies 
carried on in Russia and published on pages 23 to 29 of 
this issue of AGRICULTURAL ENGINEERING, as a contribu- 
tion from the ASAE Committee on Soil Preparation and 
Tillage, can hardly fail to command our respect. Regardless 
of surrounding circumstances, it is evident that science and 
engineering are making sound and substantial progress in 
the Union of Socialistic Soviet Republics. 


In the same general vein, there has come to our notice 
a statement by the European representative (home on va- 
cation) of a leading American machine tool manufacturer. 
He voiced his observation that, in all Europe, the nation 
making the most rapid advance in the creation and opera- 
tion of heavy machine tool equipment during the last few 
years is Russia. Contrasted with the stagnation, at least 
in sales volume, which has prevailed in most of our capital 
goods industries, this may imply a challenge to American 
leadership. 


Notable also is the article on pages 14 to 19 by Chr. 
Noekkentved. Despite the example which Denmark has 
long offered the world in certain types of dairy and animal 
husbandry, as well as in agricultural organization and eco- 
nomics, it would appear that we have been overlooking her 
work in agricultural engineering. Perhaps it is poetically 
fitting that this geographically tiny nation should give us 
a convincing case for the value of small-scale models in 
agricultural engineering investigations. 


Equally impressive is Dr. Noekkentved’s contribution 
to the prestige of mathematical analysis as a means of 
arriving at theory and as an intensely practical aid to eco- 
nomic design. As such it establishes fraternity with Col. 
0. B. Zimmerman in his technical analysis of the wheel, 
the Alabama studies in soil dynamics, and the work on 
ittigation well design in some of our western states. And 
if the talk about stream-lined tractors has been facetious, 
we have here—as, indeed, has been discernible in some 
American quarters—the methods and impedimenta of aero- 
dynamics applied to farm structures design. 


Possibly some of our own members do not realize the 
extent to which the American Society of Agricultural Engi- 
heers is more than a national body. When the charter mem- 
bers chose the Society name they could hardly have fore- 
seen that, in little more than a quarter-century, they would 
be outnumbered by the foreign lands having members. 


Counting Canada and the Philippine Islands, which may 
not seem altogether foreign, the membership roll shows 
twenty-three foreign countries. Canada, in particular, while 
considerably short of proportionate membership, yet is so 
largely and consistently represented in many phases of our 
activity that, were we choosing a name today, it logically 
would be the North American Society... . . 


Naturally the number of members in these lands is 
small, well under ten per cent of the total. Especially in 
the more distant countries they may be likened to liaison 
officers. Nevertheless, despite the existence of international 
bodies devoted to various aspects of agriculture, including 
agricultural engineering, it seems probable that the Amer- 
ican Society of Agricultural Engineers is de facto the chief 
international clearing house for the subject matter of agri- 
cultural engineering. Particularly is this likely to be true 
if we take into account the distribution of AGRICULTURAL 
ENGINEERING, which goes to libraries, institutions, and 
other non-member subscribers in somewhat greater pro- 
portion than prevails within the United States, though 
still a minor fraction of the total. 

Here again Russia comes conspicuously into the picture. 
A hasty survey of foreign mailings shows that more copies 
of AGRICULTURAL ENGINEERING have been going there 
than to all other foreign nations combined. Canada, de- 
spite its manyfold greater membership and its territorial 
and racial propinquity, not to mention the facility of a 
common tongue, has been taking scarcely a quarter as many 
subscriptions. The South American countries, as a group, 
are in third place. Possibly these rankings give an inkling 
of the emphasis being placed on agricultural engineering, 
and afford an index, not of present achievement, but of 
future advance in its technology. 

How much of the world’s agricultural engineering ap- 
pears in these pages is suggested by looking under this 
heading in the “Experiment Station Record,’ which aims 
to survey the world’s significant literature. Of such cita- 
tions in a recent issue, 4 per cent showed foreign origin, 
28 per cent from state or federal official publications, and 
68 per cent from AGRICULTURAL ENGINEERING. 

Only in exceptional cases, such as the presence of Her- 
ren Dencker and Wallem at the 1931 annual meeting, are 
our foreign colleagues able to join in our personal assem- 
blies, and these pages must needs be their chief avenue of 
contact. It seems fitting, therefore, to make this an occasion 
for extending to them our recognition and greetings. 
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Reclamation Becomes Commercial 


HE POLITE apathy with which soil erosion control 

has largely been regarded in commercial circles got 

a jolt when Messrs. Collins and Wooley, at the ASAE 
Power and Machinery Division meeting last month in 
Chicago, showed their movies of terraces being built easily, 
rapidly, and well-nigh perfectly with equipment driven 
from ordinary farm tractors, and with little more than 
ordinary farm skill needed for its operation. 


Without prejudice to other types of terracing machinery 
which might equally well have been shown, these pictures 
were vivid ss se that we have reached the production 
phase in the soil erosion control program. Long years of 
toilsome study were given to determine the ways of ero- 
sion, and to arrive at design of terraces effective in resisting 
it. How far from perfection that work still is, none knows 
so well as they who have done it. But very gradually 
it has reached such a degree of practicality that it could be 
seized upon as an avenue of national measures for recovery 
in the present and conservation in the future. 


While many divisions of agricultural science have 
wrestled with the erosion problem as related to soil physics, 
plant cover, forests, etc., there is no denying that the tech- 
nology of terracing is distinctly an achievement of agricul- 
tural engineering, a monopoly which went unchallenged as 
long as it was a case of putting in labor and funds for its 
support, with no profits or tempting jobs in sight. With the 
commercial phase upon us, erosion control in general and 
terracing in eye will become popular in new quarters. 
Kinship with it will be claimed as for a long-lost uncle 
who has struck oil. 

As a profession, agricultural engineers will welcome 
legitimate and aggressive commercialization by industries 
which can supply efficient equipment and materials for 
erosion control work, and they will not begrudge such 
industries their just reward. In so saying we have in mind 
not so much the industrial wing of the profession, for 
which this attitude may be presumed, but the research engi- 
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neers in public employ who mainly bore the burden in the 
period past. They know—and the public should know— 
that they serve agriculture not for its narrow advantage 
but, that it may contribute more efficiently to the welfare 
of the whole people. 

The engineers who nurtured soil erosion control as , 
frail and sickly child may be pardoned, now that it is be. 
coming a robust youth, if they insist on claiming its pa. 
ternity. Indeed, it will be less pardonable if they fail to 
assert their parental custody against the claims of would-be 
foster-parents. After all, they alone have the full histor 
and background of erosion control, and are best fitted to 
guide its career. 


Terracing and the Public Weal 


GAIN taking the Collins and Wooley developments 
for our text, they show courage and straight think. 
ing in the face of a feeling all too prevalent among 

the populace—a feeling with such political pressure as to 
have distorted public policy, both locally and nationally, 

These outfits appeared on the screen as one-man jobs, 
clearly designed to get terraces built with a minimum of 
labor. In this they flatly challenge the concept of erosion 
control as an expedient to employ a maximum of labor 
with a minimum of equipment and materials. They are 
concrete denials of the doctrine that the road to recovery 
is by so managing labor that it achieves a minimum of 
results with a maximum of drudgery. 

According to our information based on practice in the 
farm equipment industry, a complete breakdown shows that 
normally some 85 per cent of machinery costs goes for 
labor; that is, for human effort as distinguished from te- 
turn on capital. And this, be it noted, is computed on the 
price the farmer pays, not a wholesale price. To save a 
dollar in machinery costs, therefore, means a sacrifice of 
85 cents in wages, salaries, or some payment for work. 

It has long been observed that our employment, sales 
volume, etc., are nearly normal except in the heavy or 
capital goods industries and in the trades and services 
dependent on them. It is pretty well agreed by economists 
and business thinkers that lack of sales in the capital goods 
lines is about all that has delayed restoration of economic 
balance and return of general prosperity. Such being the 
case, the influence of government, whether by example, 
by precept, or by pants. should logically devote 
itself toward stimulating the use of more efficient (which 
means new) capital equipment, notably machinery. This 
seems so obvious that our national leadership most surely 
would have taken this course save for the pressure of popu- 
lar prejudice. 

Far from being beyond the scope of our profession as 
a protagonist for agriculture, general prosperity is cited by 
such sages as J. B. Davidson and William Boss as the sine 
qua non of real ‘farm relief.” In the case of terracing 
methods the interest of agriculture is more urgent and 
direct. 

Our problem is not that of making a limited amount 
of terracing afford a maximum amount of employment. 
Compared to the funds available within any reasonable 
time, and from any or all sources, public and private, the 
amount of terracing needed is the unlimited element. The 
problem, then, is to make limited funds, and the limited 
amount of labor they will buy, do a maximum amount of 
terracing. Machinery, and ever more efficient machinery, 
is the answer. The Iowa and Missouri developments ar 
worthy technical contributions, and more: they are refresh- 
ing examples of sound leadership in economic policy. 
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Program of Southern Section Meeting 


ican Society of Agricultural Engineers 

will present a technical program in 
conjunction with the annual meeting of the 
Southern Agricultural Workers Association 
at Atlanta, Georgia, January 30 and 31. 
The program will consist of two half-day 
sessions which will be held on the after- 
noons of each day. 

The first session, on January 30, will be 
opened with an address by the chairman of 
the Section, J. T. Copeland, extension agri- 
cultural engineer, Mississippi State College, 
and will be followed by a talk by Raymond 
Olney, secretary-treasurer of ASAE. L. J. 
Fletcher, agricultural engineer, Caterpillar 
Tractor Company, is scheduled for a paper 


Tie SOUTHERN Section of the Amer- 


at this session, entitled ‘The Place of the 
Engineer in the Changing Agricultural 
Program.” R. H. Driftmier, professor 
of agricultural engineering, University of 
Georgia, will discuss the federal housing 
program in the South, and particularly in 
Georgia. The progress and present status 
of rural electrification in the South will be 
reported by D. S. Weaver, director of the 
federal rural rehabilitation project in 
North Carolina. 

The afternon session of January 31 will 
be devoted exclusively to the subject of 
soil erosion control in the Southeast. Mr 
J. C. McAmis, director of the agricultural 
division, Tennessee Valley Authority, will 
discuss the soil erosion control problems of 
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TVA. The activities of the USDI Soil 
Erosion Service will be discussed in a paper 
by J. T. McAlister, chief agricultural engi- 
neer of the SES project in South Carolina. 
G. I. Johnson, exteasion agricultural engi- 
neer, University of Georgia, will report on 
the progress of the soil erosion control 
program in Georgia. An outstanding coun- 
ty soil erosion program in Alabarna will be 
reported on by F. N. Farrington, county 
agent of Tallapoosa County. A summary 
of the soil erosion control contributions at 
this session will be made by S. P. Lyle. 
extension agricultural engineer, Bureau of 
Agricultural Engineering, U. S. Department 
of Agriculture. 

A business meeting of the Section is 
scheduled for 2:00 p.m., February 1. 

A special invitation is extended to all 
agricultural engineers to attend this meet- 
ing. 


Report of Farm Structures Division Meeting 


HE ACTIVITIES of federal agencies 
Ti connection with various rural re- 

ruction projects were the center of dis- 
cussion at most of the sessions of the Farm 
Structures Division of the American Society 
of Agricultural Engineers, which met at 
the Stevens Hotel, Chicago, December 3 and 
4. The attendance at these meetings was 
unusually good and strong interest seemed 
to prevail, judging by the lively discus- 
sions, formal and informal, during the 
program and in between sessions. 


The sessions of the first day were under 
the supervision of the chairman of the 
Structures Division, W. G. Ward, extension 
architect, Kansas State College. Incidental- 
ly, Mr. Ward has been made chief of the 
agricultural work in the Federal Housing 
Administration, his appointment being an- 
nounced by Mr. Percy Wilson, regional di- 
rector of FHA. Mr. Ward left for Wash- 
ington to take up his duties immediately 
at the close of the Structures Division 
meeting. 

The first half-day’s program constituted 
a symposium on government housing and 
other building and improvement programs 
with particular reference to their rural 
phases. Among the prominent speakers 
in the symposium were Percy Wilson of 
the Federal Housing Administration, who 
spoke on “The Better Housing Program of 
the FHA”; Dr. Bruce L. Melvin, U. S. 
Department of the Interior, whose subject 
was “Social Planning and Subsistence 
Homesteads’”; and Frederick R. Shanley, 
regional engineer, Federal Emergency Re- 
lief Administration, who discussed, ‘The 
Rural Rehabilitation Activities of the Fed- 
etal Emergency Relief Administration.” All 
these Papers served to present a very clear 
outline of what the federal government is 
doing and plans to do in this field. It was 
evident, from the expression of the speak- 
ets, that in all of the phases of rehabilita- 
tion work mentioned, the government in- 
tends to put special emphasis on rural 
work as soon as proper organization can be 
effected. 

The symposium was continued in the 
afternoon, the participants at this time in- 


By K. J. T. Ekblaw 


Vice-Chairman, ASAE Farm Structures Division 


cluding E. W. Lehmann, professor of agri- 
cultural engineering, University of Illinois, 
whose subject was “Some Problems in 
Farm Housing Improvement”; R. H. Drift- 
mier, professor of agricultural engineering. 
University of Georgia, “Cooperation Be- 
tween FERA and Agricultural Engineers in 
Georgia’; a similar discussion covering 
Arkansas conditions by Deane G. Carter, 
professor of agricultural engineering, Uni- 
versity of Arkansas. That the agricultural 
engineers in the U. S. Department of Agri- 
culture had been giving definite thought 
to the problem was shown by the presenta- 
tion of S. P. Lyle, agricultural engineering 
extension specialist, whose “Plan to Pro- 
mote Farm and Farm Home Improvements” 
aroused lively and extended discussion. 
The Midwest Cooperative Farm Building 
Plan Service came in for a thorough dis- 
cussion at the Monday evening session. 
Various cooperating colleges will hear from 
the Committee on Midwest Plan Service in 
regard to the results of the discussion. 
The Tuesday session (December 4) 
opened with a thought-provoking paper by 
William Boss, chief, division of agricultural 
engineering, University of Minnesota, on 
“The Economics of Long-Lived Farm Struc- 
tures.”” In this paper, Professor Boss drew 
upon his own practical experience and upon 
his engineering philosophy to elucidate the 


opportunities which lie before rural struc- 
tures architects. ‘New Requirements in 
Farm Service Buildings’ were emphasized 
by J. C. Wooley, professor of agricultural 
engineering, University of Missouri, who is 
continuing his research studies on economic 
phases of farm building construction; new 
conditions are producing new requirements 
which the agricultural engineer must be 
prepared to meet. W. G. Kaiser, agricul- 
tural engineer, Portland Cement Associa- 
tion, presented data regarding some inter- 
esting recent developments in low-cost 
building construction. The timely subject 
of grain storage was covered at the after- 
noon session of the second day with an 
initial paper on “Engineering Problems in 
the Storage of Grain on the Farm Under 
Seal,’ by Fred C. Fenton, professor of 
agricultural engineering, Kansas State Col- 
lege; much valuable original data was in- 
cluded in this paper. H. J. Barre, research 
assistant in agricultural engineering, Iowa 
State College, continued with a report on 
progress in the research work he is doing 
on the “Effect of Weathering on Corn in 
Open Cribs.’’ In the final paper in the 
afternoon, Don Critchfield, Lead Industries 
Association, presented a graphically empha- 
tic appeal for the dissemination of more 
and better knowledge in the proper use of 
paint for farm buildings. 


Report of Pacific Coast Section Meeting 


HE PACIFIC Coast Section of the 
American Society of Agricultural En- 
gineers held its thirteenth yearly meet- 
ing in Apperson Hall, Oregon State Col- 
lege, Corvallis, on December 28 and 29. 
The program offered was one of timely 
interest for every member of the Section. 
The forenoon session of Friday, Decem- 
ber 28, was devoted to the general subject 
of soil erosion control. The principal 
speakers on the program were P. C. Mc- 
Grew, agricultural engineer, Bureau of 
Agricultural Engineering, U. S. Department 
of Agriculture, who discussed the subject 


of research in soil erosion control, and 
Walter W. Weir, associate drainage engi- 
neer, division of soil technology, University 
of California, whose contribution dealt 
with the activities of the USDI Soil Ero- 
sion Service. 

A special luncheon was arranged for 
the group, the speaker for which was the 
dean and director of agriculture at Oregon 
State College, Wm. A. Schoenfeld. 

The afternoon session dealt with the 
general subject of irrigation, a feature of 
which was a paper on orchard tillage under 
straight-furrow irrigation by Colin A. Tay- 
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lor, assistant irrigation engineer, division 
of irrigation, USDA Bureau of Agricultural 
Engineering. Mark R. Kulp, assistant pro- 
fessor of agricultural engineering and irri- 
gationist of the agricultural experiment sta- 
tion, University of Idaho, and J. C. Marr, 
associate irrigation engineer, USDA Bureau 
of Agricultural Engineering, discussed the 
subject of errors in deep-well measure- 
ments. 

At the Section dinner in the evening, 
the attraction was a talk on the Bonne- 
ville Power Development. 

The forenoon session of Saturday, De- 
cember 29, was devoted to the subject of 
farm buildings. J. R. Griffith, of the Ore- 
gon State College, presented a paper deal- 
ing with a study of statistically intermediate 
farm buildings by use of wire models. The 
second number on the program was a 


Report of the 


ELD at the Stevens, in Chicago, on 

December 3 and 4, the technical meet- 

ing of the Power and Machinery Di- 
vision of the American Society of Agricul- 
tural Engineers had the earmarks of a 
thoroughly established institution, growing 
steadily but not strikingly in terms of at- 
tendance. As viewed by this observer, the 
peak attendance was only a trifle larger than 
a year ago. Probably more significant was 
an apparently greater increase in minimum 
and average attendance through the several 
sessions, reflecting more balance of interests, 
and an increasing respect for the interweav- 
ing of technology which binds various spe- 
cialties of the profession into a coherent 
whole. 

This review will deliberately ignore, so 
far as possible, those papers and prepared 
discussions which lend themselves to pub- 
lication in these pages, and will be confined 
largely to impressions of extemporaneous 
discussion not captured in manuscript form, 
and so is to be deemed supplementary to 
feature articles as and when published. 
With scarcely an exception the schedule fol- 
lowed the program as printed in the 
November AGRICULTURAL ENGINEERING. 

As was true a year ago, the “rubber-tire 
session’’ seemed to draw the largest at- 
tendance, but by a narrower margin. Its 
leading feature, a compilation of question- 
naire reports from several hundred farmers 
using rubber-tired tractors, was a contribu- 
tion of the Society's Committee on Agricul- 
tural Wheel Equipment presented by one of 
its members, C. W. Smith, agricultural en- 
gineer at the University of Nebraska. 
Broadly speaking, it simply verified from 
the farmer angle practically every point 
established in the studies presented a year 
ago by the engineers themselves. 

This prosaic report came on the heels of 
a highly inspiring address by H. C. Mer- 
ritt, manager of the tractor division of the 
Allis-Chalmers Mfg. Co., a message which 
was in the true sense visionary, with the 
impractical suggestion of the term swept 
away by the practicality of the speaker's 
personality and his job. As appeared in the 
later discussion, that vision found some 
small measure of expression in his com- 
peey's Model U tractor which, designed 

efore the advent of rubber tires, yet had 
some features which anticipated rubber, 
such as a high gear ratio which had to be 
held in abeyance on steel wheels. 

Chief among the visions of Mr. Merritt 
is the tractor engineered not only to what 


paper dealing with public health construc- 
tion standards for the production of market 
milk by J. D. Long, assistant agricultural 
engineer in the agricultural experiment sta- 
tion, University of California. 

The business session of the Section was 
held at the luncheon hour (December 29), 
and included in addition to the report of 
the Section secretary and the election of 
officers for 1935, a discussion on the possi- 
bilities of an annual meeting of the Society 
on the Pacific Coast. The new officers of 
the Section for 1935 are as.follows: Chair- 
man, R. Earl Storie, assistant soil technolo- 
gist, University of California; first vice- 
chairman, Irvin H. Althouse, engineer, 
Terra Bella Irrigation District (California) ; 
second vice-chairman, Mark R. Kulp, assis- 
tant professor of agricultural engineering, 
University of Idaho; third vice-chairman, 
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Byron J. Showers, consulting agricultural 
engineer (Phoenix, Arkansas) ; secretary. 
treasurer, Walter W. Weir, associate drain. 
age engineer, University of California; new 
member of executive committee, H. B 
Walker, professor of agricultural engineer. 
ing, University of California. The new 
Section nominating committee is 0, C 
French, University of California; H, | 
Garver, State College of Washington, and 
F. E. Price, Oregon State College. 

The closing session of the meeting, on 
Saturday afternoon, featured the subject of 
farm tractors. Dr. F. A. Brooks, associate 
agricultural engineer in the agricultural 
experiment station, University of California. 
presented a paper on the subject of dust 
in air cleaner tests, and R. V. Stockton of 
Oregon State College discussed farm experi. 
ence with blended engine fuels. 


Power and Machinery Division Meeting 


By Walter B. Jones 


now seems a fanciful variety of duties, but 
with major emphasis on the comfort of the 
operator; indeed, with every item of design 
and equipment to make its operation an 
actual pleasure. He regards the rubber tire 
as a turning point in that direction. 

The paradox of tractors and wheels de- 
signed for light weight, then fitted with 
wheel weights to make the rubber tire pull, 
was tossed into the discussion by F. N. G. 
Kranick of the J. I. Case Co. Subject to 
mild protest by Mr. Merritt, this brought 
from W. F. Heesch, of French and Hecht, 
and J. E. Hale, development manager for 
Firestone, the retort that thus far we have 
only been making change-overs on tractors 
designed to run on steel. Mr. Hale cited 
the small improvement gained when solid- 
tire trucks were first put on pneumatics, 
in contrast with the vast advance in design 
and performance as trucks were designed 
to take full advantage of the low-pressure 
tire, and predicted similar advancement in 
the tractor and its performance. 

That this necessary plunging into more 
fundamental engineering for rubber has 
started was apparent from Mr. A. W. 
Clyde’s paper describing efforts to study 
the efficiency of rubber tire tractor per se, 
isolated from the efficiency of engines, 
transmissions, etc.; also by Mr. I. D. May- 
er’s work with rubber tires under a con- 
ventional combine which brought out both 
the interferences with available tires, and 
a perhaps unexpected improvement in grain 
cleaning. The place for the rubber tire as 
much more than a tractor member was 
emphasized by Mr. E. A. Silver of Ohio in 
a report of 40 per cent reduction in draft 
when these tires were used on a corn 
picker. Another angle, that of the field- 
machine designer, was voiced by T. H. 
Oppenheim of the New Idea Spreader Co., 
who demanded the earliest possible de- 
termination of the field speeds that the rub- 
ber tire is to bring, so that brakes and 
other design features of drawn machines 
can be figured out intelligently. 

The morning session, immediately pre- 
ceding, had been given to wheels, with a 
paper by Col. O. B. Zimmerman on wheel- 
testing procedure, also one by E. G. McKib- 
ben on the relation of diameter in steel 
tractor wheels to their performance. Be- 
sides the prepared discussions to be pub- 
lished, Mr. Louis Jacoby of Allis-Chalmers 
raised the question as to whether the photo- 
elastic method had been used in wheel 
studies. The presiding officer, Mr. Heesch, 


did not recall any, but Mr. Clyde mentioned 
something of the kind being done at the 
Massachusetts Institute of Technology. He 
ventured an opinion that in a problem with 
so many complex variables this method 
might greatly simplify the procedure. 

In a later committee meeting Col. Zim. 
merman referred to the photo-elastic method 
as highly useful, but not well adapted to 
implement-type wheels because of the small 
sections and many joints involved. Mr 
McKibben’s studies having shown that soil 
nature and condition exerted a major influ- 
ence on his findings, R. W. Trullinger 
asked, with affirmative answer from Mr. 
McKibben, whether it would be feasible to 
begin with the soil in working out a wheel 
design. On Mr. Oppenheim’s _ inquiry 
whether anyone had used a soil box to 
obtain consistent controlled soil conditions. 
Mr. Trullinger cited the use of this method 
in studies by J. W. Randolph at Alabama 
about a dozen years ago. 

In connection with these papers he re- 
called that both the wheel studies and the 
traction studies represented the working 
out of problems defined by the Society's 
original research committee. In particular 
he emphasized the comprehensive, long: 
term studies by the Alabama agricultural 
experiment station into soil dynamics as 3 
fundamental source of data for these and 
other special investigations. 

Beginning with the paper by Messrs 
McCuen and Silver, Tuesday’s program was 
largely beyond the possibility of publica 
tion, either by reporting or by manuscript. 
Only those present in person could get the 
full import of the large amount of ma- 
terial presented in the form of motion pic 
tures. While something of a handicap to 
dissemination through these pages, this 
manner of presentation is undeniably an 
example of engineering efficiency. In 10 
other manner is it possible to release in 
formation so rapidly, so vividly, and in 
many respects so accurately. Making con 
current use of the eye and ear avenues. 
it seems conservative to say that its full 
utilization will present as much subject 
matter in two days as would otherwise be 
possible in three. ' 

Commenting on the threshing machine 
studies presented by the Ohio men just 
mentioned, Mr. Kranick of the J. 1. Case 
Company was warm in his praise. He em 
phasized final wastage as the most impor 
tant thing in efficiency, or rather of inefi- 
ciency, and that it should be borne in min 
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han attaching undue significance to 
pos an inefficiency of thresher members 
by themselves. He pointed out the influ- 
ence of varietal, seasonal, and even daily 
variations, and drove home the importance 
of the human factor. 

Mr. W. M. Hurst's paper on the field for 
small combines, and the characteristics they 
must have to satisfy it, will speak fully for 
itself. on publications. Walter R. Dray. 
development engineer for the Allis-Chalmers 
Mfg. Co., used motion pictures and chalk- 
talk procedure in a rapid-fire visualization 
of the field and human conditions such a 
machine must meet, drawn from his experi- 
ence in perfecting the small combine of his 
company. A major point was that the 
mechanism must be easily visible and the 
processes plainly obvious to the operator, 
who will not be a skilled thresherman, but 
an otdinary farmer. He stressed that these 
machines will not be used in the narrow 
range of conditions that obtain in a spe- 
cial-crop type of farming, but they will 
be called on for the wide variety of crops 
and conditions encountered in general farm- 
ing, plus the difficulties they will run into 
when applied to all the freak jobs on 
which older methods of harvest have fallen 
down, 

Among the constructional features he 
showed were reels with a simple feathering 
action, and ground-driven to maintain tim- 
ing regardless of varying rates of travel; 
simple, cheaply constructed and quickly 
adjustable slip clutches; and the use of 
V-belts and pulleys of variable pitch di- 
ameter for quick and economical speed 
changes. As examples of freak operating 
conditions, two of many were travel at ten 
miles an hour in a light crop, and a com- 
bination of very low cut and stony ground 
so that stones got into the sickle and went 
through the machine. Besides the slip 
dutch, the latter condition called for cylin- 
der bars flexibly mounted and held in work- 
ing position by centrifugal force. Another 
feature was rubber facing for these bars to 
avoid breaking beans. 

Following Mr. R. W. Baird’s paper on 
requirements and performance of terracing 
machinery as experienced on the federal 
soil erosion test farms, L: J. Fletcher 
pointed out that terracing was being done 
with regular or modified farm implements 
or road machinery pressed into service, and 
also with new equipment designed specially 
for the job. As affecting a choice he listed 
such field variables as soil type, area to be 
terraced, slope, regularity of contours, vege- 
tation, stumps and fast rock. He suggested 
that, as compared with letting gullies fill 
up with silt, mechanical means be used to 
save time in getting the land into tillable 
condition, and also to use subsoil largely 
for this purpose rather than topsoil. It was 
later brought out that, if it could be done, 
it would be better to build the body of 
terraces with subsoil rather than robbing 
the adjacent strips of topsoil for the pur- 
pose. 

E. V. Collins of the Iowa station and 
J. C. Wooley of the University of Mis- 
souri both used motion pictures to present 
action and construction of terracing ma- 
chines developed at their respective insti- 
tutions. The Iowa machine, in which C. K. 
Shedd of the USDA Bureau of Agricultural 
Engineering was also largely interested, is 
a development from the well-known “pul- 
verator”’. Various types of rotor were 
shown, but the one in use was a section 
of helicoid conveyor which was found to 
give the right direction, distance, and dis- 
tribution of throw. It was driven at vary- 
ing speeds through a gear-change box. 


Driven from and drawn by a 15-30-hp 
tractor, fitted with rubber tires and with 
speeds up to ten miles an hour, this outfit 
built a finished terrace in fifteen rounds, and 
in 64 miles of terrace averaged 700 ft of 
finished terrace per hour. It is believed to 
have substantial advantages in that there is 
comparatively little settling, and that the 
terraces are watertight without special com- 
pacting operations. 

The Missouri machine also uses a plow 
bottom to lift the soil from a furrow, but 
moves the soil by a belt conveyor instead 
of throwing it. Though less spectacular, its 
procedure and the resulting terrace appeared 
to be comparable to that of the Iowa de- 
velopment. Arrangements have been made 
for its commercial production. 

Messrs. Shedd and Collins again appeared 
as collaborators in development of a modi- 
fied lister for the basin method of planting 
corn, to be treated in these pages. L. A. 
Jones of the USDA Bureau of Agricultural 
Engineering described briefly the waffling 
machine as developed by a Mr. Davis of 
the Bureau of Chemistry and Soils. 

Among the technical committee reports. 
Frank P. Hanson for the Committee on 
Combine Development related the need for 
and efforts to have published, preferably 
in the form of a Farmers’ Bulletin, data 
on the growing and ripening habits of all 
the grain and other crops which may be 
combined, with special reference to their 
harvesting characteristics, together with in- 
struction in the general principles of com- 
bine operation. Such information would be 
of value particularly to new combine opera- 
tors, and to those undertaking new crops. 
and would not encroach on the special in- 
structions provided by the combine makers 
for their own machines. He also reported 
a need for standardization of certain fea- 
tures, notably of wheels and tires in view 
of the probable use of rubber tires under 
combines. Another thing needed is better 
definition of combine size, classes, or rat- 
ings. 

For the Committee on Drawbar Investi- 
gations, D. A. Milligan of the Cleveland 
Tractor Co. presented tentative recommen- 
dations (which presumably will be pub- 
lished) for height, type of ending, and lo- 
cation in relation to the operator's seat, of 
drawbars in classes according to tractor rat- 
ing. 
R. W. Trullinger reported work in prog- 
ress by the Committee on Materials for 
Farm Equipment, pointing out that its sub- 
ject matter depends on what other com- 
mittees are doing, and called for contribu- 
tory data. One project is to secure and 
compile specifications of the ferrous metals 
now in current practice for specific applica- 
tions; another is the compilation of all 
available data, largely foreign in origin, 
on corrosion-resistant metals and coatings. 
E. J. Hergenroether called attention to 
work being done by the Society of Auto- 
motive Engineers on corrosion-resistant ma- 
terials, notably the so-called stainless steels. 
He also mentioned extension of the SAE 
list of carbon steels, and certain investiga- 
tions that seem to indicate that engine 
cylinder wear is in reality mainly corrosion. 
The ASTM studies on corrosion were cited 
by Frank J. Zink. 

Col. Zimmerman urged the need for an 
intensive study of disks and coulters, not 
alone from the standpoint of materials, but 
to develop the theory of the disk, some- 
what as he has done with the wheel, in- 
cluding the changes in performance as the 
diameter is reduced by wear, looking toward 
maintenance of efficiency despite such wear. 

C. G. Krieger for the Committee on 
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Agricultural Engine Development described 
briefly a program getting under way to de- 
termine the efficiencies attainable from 
tractor engines fully designed for specific 
fuels, such as a No. 1 furnace oil of definite 
specifications, and also typical gasolines. 
The program appears to be comprehensive, 
embracing both the field and laboratory 
approaches, and including the overall effi- 
ciency of the tractor as affected by weight. 
specific power, etc., and extending into 
maintenance and depreciation costs. 

Though not featured in this program, 
but perhaps influenced by the SAE meet- 
ing in the two days immediately following. 
engineers representing both tractor and 
other engines, and the fuel producers, were 
present and active to rather more than the 
usual extent. Besides sundry tablecloth con- 
ferences and much informal discussion be- 
tween sessions, there was at least one or- 
ganized, though entirely unofficial, meeting 
for exchange of data and opinion among 
engineers from tractor and implement com- 
panies, engine makers, the petroleum indus- 
try, the colleges, and the USDA Bureaus 
of Agricultural Engineering. The results 
of all this are not very tangible, but were 
in the direction of clarifying the trend 
of practice as dictated by technical and 
economical considerations arising from the 
interrelation of fuel and engine. 

Another marked trend apparent in pri- 
vate conversations as well as in the sessions 
was increasing interest of the power and 
machinery men in soil erosion control as an 
active movement, as a job calling for special 
machinery, and as it influences the adapt- 
ability of farm operating equipment. 


New ASAE Members . 


Seigel A. Anderson, assistant agricultural 
engineer, department of agricultural engi- 
neering, Purdue University, Lafayette, Ind. 

H. E. Besley, instructor in agricultural 
engineering, Rutgers University, New 
Brunswick, N. J. (Mail) New Jersey Ex- 
periment Station. (Transfer from Junior to 
Associate Member.) 

C. W. Chapman, junior agricultural en- 
gineer, Soil Erosion Service, U. S. Depart- 
ment of the Interior. (Mail) Box 596, 
Athens, Ga. 

U. H. Davenport, associate professor of 
agricultural engineering, University of 
Georgia, Athens, Ga. (Mail) Box 524. 

Hubert T. Heigele, flood control engi- 
neer, Forest Service, U. S. Department of 
Agriculture. (Mail) CCC Camp PE-206, 
Nebraska City, Nebr. 

Henry N. Luebcke, Soil Erosion Service, 
U. S. Department of the Interior. (Mail) 
Albion, Nebr. 


Applicants for Membership 


The following 1s a list of applicants for mem- 
bership in the American Society of Agricultural 
Engineers received since the publication of the 
December issue of AGRICULTURAL ENGINEERING. 
Members of the Society are urged to send 
information relative to applicants for consid- 
eration of the Council prior to election. 


Marion Eugene Ensminger, erosion spe- 
cialist, Soil Erosion Service, U. S. Depart- 
ment of the Interior. (Mail) LeRoy, IIl. 


Orvis R. Myers, graduate assistant, de- 
partment of agricultural engineering, Penn- 
sylvania State College, State College, Pa. 
(Mail) Patterson Hall, Room No. 1. 

Martin Ronning, engineer, Minneapolis- 


Moline Power Implement Co., Minneapolis, 
Minn. 
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Agricultural Engineering Digest 


A review of current literature by R. W. TRULLINGER, senior agricultural 
engineer, Office of Experiment Stations, U. S. Department of Agriculture. 


unui Re 


THE EQUIVALENT TEMPERATURE OF A ROOM AND Its 
MEASUREMENT, A. F. Dufton. (Gt. Brit.) Dept. Sci. and Indus. 
Res., Bldg, Res.. Tech. Paper 13 (1932), pp. V +9, figs. 8. A 
method of measuring the effect on the comfort of a room of the 
temperature and movement of the air and the heat the body re- 
ceives by radiation is described using the eupatheoscope, which 
has been found to be a valuable instrument for this purpose. The 
data presented are of interest in connection with studies of the 
ventilation and heating of farm buildings. 


FARM IMPLEMENTS AND MACHINERY, S. J. Wright. Jour 
Roy. Agr. Soc. England, 94 (1933), pp. 312-334. A review is 
presented of investigations conducted at various points during 
1933 on power farming, harvesting, haymaking, tractors, root crop 
machinery, soil heating, and spraying. Much of the work men- 
tioned was conducted at agricultural experiment stations in the 
United States. 


TESTING AND SELECTION OF COMMERCIAL WooD PRESERVA- 
tives, S. Kamesam. Forest Res. Inst., Dehra Dun. Forest Bul. 81 
(1933), pp. 40, figs. 2. The results of tests of commercial wood 
preservatives are presented, including experiments with a few 
proprietary water-soluble salt antiseptics. The purpose has been 
not only to present relative test data on several wood preserving 
chemicals, but also to combine them in such a manner as to 
yield results of practical value. The results relate to typical wood- 
destroying fungi and to two species of beetles. 

It has been found that timber located permanently in water 
or below the permanent level of saturation in soil requires no 
preservative treatment. Timber installed in outside locations, and 
which is not naturally durable, requires a preservative treatment, 
usually under pressure, so that the deepest possible penetration of 
the preservative is secured. Coal tar creosote is generally the 
most suitable preservative for such timbers, but it is not always 
the most economical on account of its relatively high cost. Woo 
tar creosote does not appear to be efficient against white ant 
attack. For a protective treatment to timber in place, it is recom- 
mended that two or three brush coats of a high-boiling creosote 
or carbolineum be applied or a 5 per cent solution of one of the 
arsenic compounds that are not easily leached out of wood. 

For timber foundations of bridges, bridge approaches, build- 
ings, workshops, machines, engine turntables, etc., it is always 
safer to use properly treated timber, unless one is certain that 
the piles remain permanently submerged in water. Generally 
speaking, the best preservatives for such purposes as well as for 
all outside locations are those containing creosote or copper and 
arsenic as their main toxic principle if an economically long life 
is to be secured. 

In the case of timber partly below and partly above the 
ground level, the portion that requires the greatest degree of pro- 
tection is that near the ground level. Such timber, if a costly 
treatment is to be avoided, may be given a butt treatment so 
that at least up to about a foot length of the timber above the 
ground level is treated with the preservative. In localities in- 
fested badly with white ants, it is safer to give a full-length 
treatment, ution a water-proofing treatment with a crude oil 
emulsion with asphalt for the butt or for the whole length. 

Timber that is lying in contact with the ground, especially 
where the water does not drain off easily, requires a good pres- 
sure treatment. Timber that is exposed only to the elements and 
not in contact with the ground does not require a very drastic 
treatment except at points where there is a liability for water to 
accumulate. 

In the case of timber used in brackish or sea water, a very 
drastic creosote or copper arsenic treatment is required on account 
of the danger of its being attacked by Teredo, Limnoria, etc. A 
combined treatment with copper and arsenic was developed by 
the author and found to be quite efficient for the preservation of 
fence posts. Preservatives recommended for timber in inside loca- 
tions, such as for furniture, trim, cabinet work, and the like, in- 
clude copper sulfate, sodium fluoride, magnesium silicofluoride, 
zinc chloride, and chlorinated naphthalene, chiefly trichloronaph- 
thalene. In locations where there is danger of severe termite 
attack, it is considered advisable to use an arseni or copper sulfate 
solution, the latter being especially recommended in humid at- 
mospheric conditions where arsenic should not be used. 


ANON 


Under conditions where the timber requires to be protected 
only from fungus, magnesium silicofluoride is more suitable than 
sodium fluoride for timber in moist rooms, like basement and 
refrigerator chambers, mines, etc. When treated timber is used 
for permanent or semipermanent structures, in outside locations 
endeavor should be made to use, as far as possible, timber in 
the round, and to treat it under pressure after Previously 
framing it. 


THE EFFECT OF Low TEMPERATURE ON THE STRENGTH OF 
Woop, H. O. George. N. Y. State Col. Forestry, Syracuse Univ. 
Tech. Pub. 43 (1933), pp. 18, fig. 1. The results of static bend. 
ing, compression parallel and perpendicular to the grain, shear 
along the grain, and hardness tests on three species of wood in 
both the frozen and normal conditions are reported. Two series 
of such tests were run on each species—the first on green and 
the second on kiln dried wood. The species included hard maple 
black ash, and white pine. 

It was found that wood is stronger when in a frozen state 
than at ordinary temperatures. Were wood obtainable showing 
no variation either in structure or specific gravity, every test of 
the frozen material would doubtless give higher values than at 
room temperatures. Influence of cold on strength of wood js 
largely a matter of change of state of the moisture contained in 
the cell walls. Because of the greater amount of imbibed mois- 
ture in green than in dry wood, the strength increase due to 
freezing is greater above than below the fiber-saturation point. 
The influence of cold on the strength of wood is not sufficiently 
great to be taken into consideration in designing structures. This 
is always toward increased safety, and therefore further research 
is of primary interest only from the standpoint of pure science. 
Ice damage in standing timber may be attributed entirely to ex- 
cessive load and wind effects, since here again the influence of 
cold is to lessen the danger of breakage. 


AIR WHEELS FoR Tractors, F. W. Barrett, F. L. Fairbanks, 
and W. H. Ashton. N. Y. State Col. Agr., Dept. Agr. Engin, 
Mimeogr. Bul. 253 (1933), pp. 11, figs. 15. The results of tests 
of air wheels on tractors during the 1933 season in such field 
operations as i. harrowing, drilling, grain binding, haying, 
and road work are reported in graphic form and discussed. The 
soil on which the plowing and harrowing were done was Canfield 
silt loam, and all plowing was on a light sod. The road tests were 
made on water-bound macadam, firm dirt, macadam, and concrete, 
both wet and dry. 

Since the air wheels were considerably lighter than the standard 
tractor steel wheel, weights of about 150 lb each were attached to 
the air wheel to supply the necessary traction weight. It was found 
that the addition of weights to the air wheels increased the avail- 
able drawbar pull. Under all conditions the available pull on soft 
plowed ground was less than on the firm footing. 

No very definite conclusions are drawn from the data. It is 
noted, however, that the air wheels used during the season showed 
very little wear in comparison to the work done. 


REINFORCED CONCRETE FENCE Posts [trans. title}, 1. Coulpier. 
Jour. Agr. Prat., 97 (1933), no. 46, pp. 419-421, figs. 2. French 
ractice in the design and manufacture of comcrete fence posts for 
arm use is briefly described. The manufacture of an all-concrete 
fence including posts and upright pickets is also described. 


PuBLIiC HEALTH STANDARDS FOR THE CONSTRUCTION 0F MILK: 
HOUSES AND MILKING Barns, H. B. Walker, J. D. Long, H. L. 
Belton, et al. Calif. Univ., Agr. Ext. Serv., Agr. Engin. Inform. 
Ser. No.5 (1933), pp. 14. These standards, which are based on 
investigations conducted by the division of agricultural engineering 
of the California Experiment Station, constitute a minimum con- 
struction code for buildings that are to be used in the production 
of market milk and cream in California. They deal with those 
factors relating to the location, design, and construction of the 
buildings which either directly or indirectly influence the purity of 
the product. ‘ 

Attention is drawn to the fact that a series of dairy building 
plans and specifications have been prepared to meet these standards 
and are available from the station. 


(Continued on page 38) 
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fusely illustrated, that shows 
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(Continued from page 36) 


EFFECTS OF PREHEATING ON THE OPERATION OF A HiIGH- 
COMPRESSION ‘TRACTOR ENGINE USING ALCOHOL-GASOLINE 
BLENDS AS FuELs, A. L. Teodoro. Philippine Agr., 22 (1934), 
pp. 625-652, figs.8. Studies conducted at the pemgeny | of the 
Philippines are reported, the purpose of which was to determine 
the effects of a preheating device on the operation of a tractor 
engine when alcohol and gasoline-alcohol blends were used as 
fuels. The engine used was a four-cylinder type with 4.75-in bore 
and 6-in stroke. Compression ratios used were 4.42:1, 5.22:1, and 
3.92:1. The fuels used were gasanol containing 50 parts alcohol, 
45 parts gasoline, and 5 parts sulfuric ether, by volume; gastarla 
containing 60 per cent alcohol, 35 per cent gasoline, and 5 per cent 
benzol motor alcohol; Kabankalan motor alcohol ; special denatured 
alcohol containing 2 per cent gasoline; and gasco containing 100 
parts ethyl alcohol, 10 parts sulfuric ether, 2 parts methyl alcohol. 

Short tests showed that with the compression ratio of 4.42:1, 
the engine was able to develop more than 40 hp. A decrease of 
about 2 per cent in the horsepower developed was noted when 
medium preheating was used and about twice that amount when 
full preheating was applied. The consumption was most economical 
with medium preheating at or near the rated load. From one-fourth 
load to three-fourths load the most economical fuel consumption 
was shown with full preheating. With compression the ratio of 
5.22:1, a decrease in power of about 6 per cent was developed 
when full preheating was applied. With medium preheating, how- 
ever, the power increased by 1 per cent over that without any pre- 
heating. The consumption at the highest load was most economical 
with medium preheating. From one-fourth to three-fourths load 
with full preheating it was definitely shown that the consumption 
was less than witiiout any preheating. 

With the compression ratio 4 5.92:1 the maximum power 
developed with medium preheating dropped by about 5 per cent. 
With full preheating the decrease was more than 7 per cent. From 
one-fourth load to about three-fourths load medium preheating 
showed the most economical fuel consumption. Full preheating 
showed a more economical fuel consumption than without any 
preheating at these same points. 

The carburetor opening that was found to give the rated power 
of the engine with the lowest compression ratio using no pre- 
heating was found to be too large to give the same power when 
the engine was run with higher compression ratio. Much smaller 
openings were used at higher compression ratio. The engine could 
easily develop 40 hp with increased compression ratio. Medium 
preheating indicated the best arrangement to give the most eco- 
nomical fuel consumption. The power of the engine decreased 
from 2 to 6 per cent when preheating was applied. Full preheat- 
ing with higher compression ratio was characterized by jerky 
operation, especially near the highest load. With full preheating 
the power of the engine could not be maintained constant after 
30 min of operation. ~ 

The results of all tests using gastarla motor alcohol showed 
that with the carburetor set to give the rated power without pre- 
heating at the lowest compression ratio, it was easily possible to 
develop more power with a higher compression ratio. Short tests 
proved that as high as 8 per cent above that of the rated capacity 
could be produced without reducing the number of turns best 
suited for low-compression operation. A decrease of power from 
2 to 5 per cent was found when preheating was applied. The most 
economical point occurred when medium preheating was used. 
With full preheating the consumption was generally higher at 
full load but was lower from one-fourth to three-fourths load than 
without any preheating. Full preheating very often caused the 
engine to run unsteadily and to decrease the power after a few 
minutes of operation. 

The results of tests using motor alcohol indicated that the maxi- 
mum power that could be developed was higher with no preheating 
than with preheating. The larger the compression ratio the higher 
the maximum power. It was not possible to reach the rated point 
with wide open choke even at compression ratio 5.22:1. Slightly 
choking the valve increased the power more than the rated capacity, 
but at the expense of too much fuel. The fuel consumption with 
full preheating appeared to be the most economical up to and 
including compression ratio 5.22:1. At compression ratio §5.92:1, 
medium preheating gave a more economical result than full pre- 
heating. All other things being equal, the higher the compression 
ratio the less was the fuel consumption per brake horsepower-hour. 

The results of all tests using Kabankalan motor alcohol as a 
fuel showed that with a fuel jet area the same as the one adapted 
for gasoline or kerosene it was impossible to develop the maximum 
brake horsepower of the engine when operated with wide open. 
choke. Only from 75 to 80 per cent of the rated power was 
reached at compression ratio 4.42:1, and from 83 to 89 per cent 
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at compression ratio 5.22:1. At compression ratio 5.92:1, the 
engine maintained constant operation near the full load. Slightly 
choking the carburetor caused the engine to develop more power at 
the expense of too much fuel. Medium preheating definitely showed 
economy of fuel compared with no preheating. It was indicated that 
theré was very little difference in fuel consumption between 
medium and full preheating. Near the lighter loads, full pre. 
heating showed more economical consumption than medium pre. 
heating. The higher the compression ratio the greater was the 
power developed and the less was the consumption per brake horse. 
power-hour. 

With special denatured alcohol motor fuel the rated power of 
the engine could not be developed under any circumstances if the 
choke was kept wide open. Choking caused the engine to produce 
power even greater than the rated capacity. It was indicated for 
higher compression ratios that the greater the preheating the more 
economical was the fuel consumption. For a compression ratio 
suitable for normal operation on gasoline or kerosene, medium 
preheating showed better economy than either full preheating or 
without any preheating. Very poor fuel economy resulted (1) 
when too much choking was practiced with some degree of pre- 
heating, and (2) when the carburetor opening was not adjusted 
to give the minimum requirement. Overrich mixture was hard 
to detect when alcohol fuel was used. All other things be'ng 
equal, the higher the compression ratio the greater the power 
developed and the less fuel consumption per brake horsepower-hour. 

The results of all tests using gasco as a fuel showed that the 
normal jet opening best adapted for gasoline or kerosene was too 
small to permit enough fuel to operate the engine constantly at 
full load with wide open choke. As the compression ratio was 
increased, the maximum power that could be developed was also 
increased. Slightly choking the carburetor increased the power 
considerably. It also caused the engine to consume more fuel than 
would be necessary to run it with wide open choke. The higher 
the degree of preheating the more economical the consumption per 
brake horsepower-hour. The higher the compression ratio the. less 
the consumption per brake horsepower-hour. 

In general, it was observed that without any alteration in the 
size of the original fuel jet and using the compression ratio adapted 
for either gasoline or kerosene, only those fuels containing 35 per 
cent of gasoline and over could run the engine at its rated capacity. 
Alcohol and alcohol-gasoline blends did not require as much pre- 
heating as did kerosene. With increased compression ratio the 
drop in power with much increase in heat was less in nearly 
straight alcohol fuels than in the blended ones. With little pre- 
heating a small gain in fuel economy was observed. 


Literature Received 


WEBSTER’'S NEW INTERNATIONAL DICTIONARY, 
SECOND EDITION, is a wholly new creation of the G. and C. 
Merriam Company, Springfield, Mass. Its special interest and value 
to members of this profession is shown in the following, taken 
from the introduction of the book itself: 

“The Special Editor in Agricultural Engineering, Mr. R. W. 
Trullinger, has been for several years chairman of the nomencla- 
ture committee of the American Society of Agricultural Engineers. 
This committee has given much consideration to questions of 
terminology, and through this channel a large number of new 
terms have been added and defined in the New Edition, obsoles- 
cent material has been eliminated, and a thoroughgoing revision 
has been effected, resulting in by far the most adequate treatment 
of this relatively new subject available in dictionary form.” ; 

Mr. Trullinger is one of more than two hundred Special Edi- 
tors, widely distributed throughout the English-speaking world, 
who have edited the material in the technical and scientific fields. 
For agriculture in general the Special Editor is Mr. H. L. Knight, 
since 1923 editor of the “Experiment Station Record.” In other 
branches of engineering reports by technical committees of the 
respective bodies have been consulted and utilized by the various 
special editors. Indeed, the introduction and other prefatory mate- 
rial of the dictionary is of itself a goodly roster of authorities— 
individuals, organizations, and publications. 

This is, in terms of entries, the largest dictionary ever created 
in any language, their number exceeding 600,000, of which mor¢ 
than 550,000 are in the main vocabulary. Yet it is printed in 4 
single volume, though also available in two volumes, in both the 
regular and India-paper styles. The divided page, a feature of the 
first edition, is retained, but with small type and narrow columns, 
plus transfer to the upper section of many terms, the lower sec 
tion devoted mainly to cross-referenced variants, rare obsolete 
words, and foreign language citations, is greatly reduced in space. 
As was true of its predecessor, this second edition will be the 
authority used in the offices of the Society, and in the editing of 
AGRICULTURAL ENGINEERING. 
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